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INTRODUCTION 
The discovery of cytoplasmic male-sterility in sorghums has made the 
commercial production of hybrid seed practical, and made it necessary for 
the sorghum breeder to isolate inbred lines that will contribute favor­
able genes, or combinations of genes, for yield and other agronomic traits 
to the hybrid. In maize, and several other species, the ability of lines 
to combine well in hybrids has been studied extensively by using a set 
of diallel crosses consisting of n(n - 1) combinations of n lines. Sorghum 
is largely self pollinated and does not lend itself readily to making all 
possible crosses within a set of lines. By taking advantage of the 
cytoplasmic male-sterility mechanism, a set of male-sterile (A) lines 
can be crossed to each of a set of pollen fertility restoring (R) lines. 
When variation measured in the progeny of a set of crosses obtained in 
this manner is evaluated, it is possible to obtain information relative 
to the genetic constitution of the population from which the lines were 
drawn. 
The purpose of the study herein reported was to obtain estimates of 
general and specific combining ability by inter-crossing five A lines and 
eight R lines sampled from the inbred lines of grain sorghum used at the 
Iowa Agricultural Experiment Station, Ames, Iowa. Progeny of the crosses 
together with their inbred parents were grown at three locations in each 
of two years to obtain information on the consistency of the estimates and 
their interaction with environments. Estimates were obtained for 
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grain yield, and the components of grain yield; number of heads per plant, 
weight of 100 seeds and number of seeds per head. Interpretations of the 
estimates in terms of the genetic constitution of the population sampled 
are presented. 
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REVIEW OF LITERATURE 
Combining Ability and Diallel Analysis 
The concepts of general and specific combining ability were precise­
ly formalized by Sprague and Tatum (1942). General combining ability was 
defined as the average performance of a line in hybrid combinations, while 
specific combining ability referred to those cases in which certain 
hybrid combinations do relatively better or worse than would be expected 
on the basis of the average performance of the lines involved. Methods 
for estimating variances due to general and specific combining ability 
were outlined. They noted that a low variance for specific combining 
effects indicates that hybrids involving a particular line have performed 
as expected on the basis of their general combining ability. It was then 
pointed out that in single crosses involving previously tested material, 
genes conditioning specific combining ability have the most effect in 
determining yield differences, while in previously untested material 
genes affecting general combining ability were most important. 
Henderson (1948) presented a detailed discussion of the use and 
analysis of various mathematical models to test and estimate general and 
specific combining ability in swine. By using a least squares approach, 
he was able to obtain mean squares for general, maternal, specific and 
sex linkage effects. 
Falconer (1951) states that the mean value obtained from a cross 
between line X and line Y can be expressed as Mean (XY) = general combin­
ing ability (X) + general combining ability (Y) + specific combining 
ability (XY). The specific combining ability (XY) in statistical terms 
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is the interaction component. He suggested that differences due to 
general combining ability are a result of both additive genetic variance 
in the base population and additive by additive non-allelic interactions. 
Differences due to specific combining ability were cited as attributable 
to non-additive genetic effects, such as dominance deviations, additive 
by dominance, and dominance by dominance interactions, and so forth. 
Use of the diallel cross has been viewed by Gilbert (1958) as a 
means for interpreting some aspects of plant breeding, giving the plant 
breeder a manageable tool for estimating certain genetic parameters. 
Griffing (1956b) presented a generalized evaluation of the use of diallel 
crosses in quantitative inheritance studies. He used the term diallel to 
refer to situations where p inbred lines are chosen to give a maximum of 
2 th 
p crosses represented by a p x p matrix with elements. The 
(i = j) element represents the between the i^^ and inbred and X^^ 
represents the i^^ inbred line. He pointed out that additive and non-
additive components of the parental genotypic variance may be estimated 
by use of the components for general and specific combining ability, and 
that these estimates are equivalent to those obtained from the covariances 
between parents. In another article (1956a) he described four diallel 
crossing systems and their analyses in terms of fixed and random models. 
He pointed out that when a fixed model is used, the analysis is in terms 
of gametic combining ability, but when a random sample from a random 
mating population is used an exact genetic interpretation may be given. 
Kempthorne (1956) presented a general approach to the statistical and 
genetic theory and analysis of diallelic crossing systems. He stated 
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that only in the absence of epistacy can the diallel table give any 
information about the intrinsic properties of the original population. 
I^ter, (1957) he listed three assumptions that must be used in conjunc­
tion with the use of the diallel. They are: (1) the parents used in the 
diallel cross are a random sample from a population which would arise by 
inbreeding without selection from a random mating population, with an 
arbitrary number of segregating loci and an arbitrary number of alleles 
per locus, (2) normal diploid segregation and (3) no linkage. He goes on 
to say that to analyze the diallel it is necessary that the genotype and 
the environment combine additively to give phenotypic values, and that the 
genotype and the environment are not associated. He presented the variance 
of plot means in terms of the variance and covariance of half and full-
sibs. He also presented the expectation of the mean squares for several 
of the commonly used experimental designs. 
Another approach to the analysis of diallel crosses has been presented 
by Jinks and Hayman (1953). They denoted the variances for families of 
the r*"^ array as Vr and the covariance between families of the r^^ array 
as Wr. Data from diallel crosses are then analyzed by comparing the 
variance for (Wr-Vr) with the variance obtained from a diallel table with 
a chi-square test, and also by plotting the values for Wr against those 
for Vr and testing for deviation from a straight line. Using these tech­
niques they were able to obtain estimates of the relative magnitude of 
dominance and over-dominance effects. 
Jinks (1956) extended the theory of diallel analyses of parental and 
measurements to also include the and backcross generations. Their 
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combined analysis yielded least squares estimates of components of varia­
tion, i.e. additive, dominance and environmental effects. Methods were 
presented for detecting non-allelic interactions by regressing array co-
variances on array variances. 
The Action of Genes and Heterotic Response in 
Other Species 
Many investigators have used estimates of various genetic parameters 
to obtain evidence for the nature of gene actions and interactions. 
Sprague and Russell (1957) and Sprague et £l. (1959) reviewed the litera­
ture on gene action in corn. Using recurrent selection techniques they 
concluded that over-dominance is not of major importance in the expression 
of heterosis for yield. Gamble (1962a) concluded that dominant gene 
effects are of appreciable importance in the inheritance of corn yield. 
He reported that additive effects were low and of less significance than 
epistasis. Sprague et £l. (1962) determined that epistatic effects may 
be of major importance in populations from lines that have been selected 
for high average combining ability. 
Ashton (1946) summarized the evidence for heterosis in self-pollinated 
crops and concluded that its occurrence is widespread, with expression in 
versus mid-parent comparisons being dependent upon the genetic diversity 
of the lines involved. Matzinger (1963) reported that for nearly all 
self-pollinated crops, homozygous lines have been isolated that are equal 
or superior to the hybrid. He concluded that there is a predominance 
of additive genetic variance for most characters in these crops and that 
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breeding systems should be developed that will be most efficient in 
utilizing this portion. Robinson et aJL. (1954), Matzinger et £l. (1960) 
and Matzinger jet £l. (1962) have studied the types of gene action for the 
genus Nicotiana. They agree that the heterotic response for yield and 
several other characters is small and that gene action tends to be largely 
of the additive type, with essentially no dominance or epistatic variance. 
The nature of gene action in wheat has become of increased interest 
with the recent acceleration of hybrid wheat breeding programs. A complete 
review of the literature on heterosis in wheat, as well as the mechanisms 
that make hybrid wheat a possibility, was published recently by Briggle 
(1963). This subject also has been a prime objective of much research 
with the genus Gossypium. Marani (1963) reported that heterosis for yield 
in cotton was greater in interspecific hybrids than in intraspecific 
crosses. White and Kokel (1964) reported that additive genetic variance 
•was detectable for all characters studied, with some dominance effects 
observed for seedling height, yield, boll size, bolls per plant and 
vegetative weights. 
The inheritance of several quantitative characters in pearl millet 
has been examined in great detail by Burton (1951). He concluded that 
gene action was largely additive for plant yield, stem diameter and 
maturity. Jain et £l. (1961) used a diallel crossing system to study the 
quantitative inheritance of several characters in pearl millet, and found 
that both the length and girth of spike were governed mainly by additive 
genetic factors, with some partial dominance effects and little evidence 
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of epistasis. The variance for general combining ability was found to be 
highly significant for both traits. Since he found only partial 
dominance and little epistasis expressed for either character a significant 
heterotic response was not observed. Tillering, plant height and plant 
yield were studied by Ahluwalia et £l. (1962). They reported that complete 
dominance was expressed for profuse tillering, over-dominance effects 
were observed in the determination of plant height and partial dominance 
was manifest by the alleles governing yield. Some evidence for epistatic 
effects also was obtained, but even with an appreciable amount of non-
additive gene action they still observed little heterosis for any of the 
characters. The lack of an appreciable heterotic effect was attributed 
to the interaction of genotypes with the environment and to a lack of 
coadaption between diverse strains. 
The Action of Genes and Heterotic Response in Sorghum 
With the increased utilization and production of sorghum hybrids, 
the nature of gene action in the determination of yield and several 
agronomic characters has become of great interest. Vinall and Cron (1921) 
report that a program of artificial hybridization in sorghum was initiated 
in 1914 by the Office of Forage Crop Investigations of The United States 
Department of Agriculture. Their study showed that 28 percent more grain 
and 5 percent more forage yield was obtained from hybrids between feterita 
and kafir types than was expressed by the average of the parents involved. 
Conner and Karper (1927) studied the heterotic response for plant height 
in crosses between three varieties of milo and three of feterita. They 
9 
reported the expression of marked hybrid vigor in the progeny from inter-
varietal crosses in both the first and second generation. The hybrids 
averaged 66 percent and the Fg generation 40 percent taller than the 
tallest parent. In crosses between strains of the same variety no hybrid 
vigor was observed. 
In an early review of studies of hybrid vigor in sorghum, Karper and 
Quinby (1937) stated that the most evident expressions of hybrid vigor 
were increased vegetative growth and extreme lateness of maturity. They 
believed that varieties of milo and hegari should contribute extreme 
vigor and lateness to hybrids since they possess many dominant genes 
favorable to plant growth and development. They suggested that different 
levels of plant vigor represent differences in the number of dominant 
genes favorable to growth, and that even though the effect of these genes 
may be small individually, their cumulative effect is large. Bartel 
(1949) studied seven characters in sorghum for their heterotic response. 
Most of the hybrids studied had grain and stover yields in excess of the 
better parent, all hybrids exceeded the mean of the parents for plant 
height, and the crude fiber content of the hybrids was higher than that 
of the mid-parent value. The Indian workers Argikar and Chavan (1957) 
compared the performance of eleven F^ hybrids of sorghum with their 
parent varieties. They reported marked heterosis in the hybrids for 
plant height, girth of stem, number of internodes, length and breadth 
of leaf, length and diameter of panicle, 100 seed weight and seed yield. 
Their study showed an increase of 25.89 to 201.13 percent in yield of 
the hybrids over the superior parent. 
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In other studies of heterotic responses in sorghum, Quinby and 
Martin (1954) and Stephens and Quinby (1952) reported that first genera­
tion hybrids usually are vigorous, late and tall. They proposed that the 
heterosis expressed for both lateness and tallness is due to complimentary 
action of genes and should not be confused with the type of heterosis 
causing vigor of growth. They reported that at Chillicothe, Texas hybrids 
planted in April yielded more than 27 percent above the average of all 
parent varieties, while planting in June resulted in a 44 percent increase. 
Quinby and Karper (1946, 1948) showed that heterosis for maturity in 
sorghum can be due to the heterozygous condition of a single gene. They 
concluded that the alleles for late maturity are dominant to those for 
earliness, and also that the recessive allele ma is epistatic to the 
dominant alleles Ma^ and Ma^, and Ma^ is epistatic to Ma^. They observed 
that individuals with the genotype Ma ma from the cross (Ma ma^ ma^ X 
ma ma^ ma^) bloomed 13 days later, had 7 percent more stalks per plant 
and produced 14 percent more heads and 19 percent more stover than did 
individuals of the ma ma genotype. These comparisons were cited as support 
for the theory that heterosis is a result of an interaction between unlike 
allemorphs. Arnon and Blum (1962) compared the yield of a number of 
Israeli and American sorghum hybrids with their parent varieties. They 
pointed out that the advantage of hybrids over standard varieties is 
attributable to a higher percent of seedling emergence, a larger number 
of plants forming mature heads, larger heads and more seeds produced. 
In a recent study by Quinby (1963), involving four parental varieties 
and their hybrids, heterosis was expressed by the hybrids through early 
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blooming, increased tillering and height, larger stems, lar-cr leaves, 
larger heads, higher threshing percent and greater production of grain 
and forage than was obtained with the parental varieties. He indicated 
that part of the increase in yield of the hybrids may have been due to 
their greater ability to compete for moisture and nutrients in a planting 
where parental plants were competing directly with the hybrids. Rapid 
cell division in the hybrid plants was hypothesized as the major cause 
for heterosis in sorghum, and expression was believed to involve comple­
mentary gene actions of both an allelic and non-allelic nature. 
Whitehead (1962) studied the hybrids of 58 varieties of grain sorghum 
crossed with Martin and Combine Kafir 60, observing the F^, and BCj^ 
generations. Additive gene action was reported for the expression of 
flowering date, plant height, head length and head opening, while both 
additive and non-additive gene actions were deemed to be operative in the 
determination of grain yield. He reported that the F^'s from parents of 
intermediate height exhibited greater heterosis than the F^ of shorter 
parents. Kramer (1959) reported that both general and specific combining 
ability were of importance in the expression of grain yield in sorghum. 
Kambal (1962) made all possible crosses between 15 male sterile and 19 
restorer lines of grain sorghum. Measurements were obtained from parental 
and F^ populations for 15 plant characters and the following model was 
used in evaluating the data: 
\jki - !••• + fi + =j + <^^ij + + (fy)ik + ("y)]k + <^y'ijk + 'ki 
+ (fr).j + (mr).ki + 
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where ^  = grand mean of the experiment 
= effect of each female crossed to each male 
m^ :z effect of each male on each female 
= effect of years 
r^ zz effect of replication. 
The estimate for the variance attributable to general combining ability 
2 2 for female parents was designated and the symbolization, was used 
for the estimate of general combining ability for male parents. The 
interaction, (fm)^j estimated the effects attributable to specific com­
bining ability. Both general and specific combining ability were found 
to be important for yield and all other traits measured. He estimated 
that the average performance of a parental line in about four single cross 
hybrid combinations should be adequate to estimate its general combining 
ability. Also of interest was the fact that for 10 of the 15 traits 
studied the component of variance attributable to the male parents was 
greater than the component for females. Niehaus (1964) studied the 
combining ability in the and generations for grain yield and its 
primary and secondary components by crossing eight inbred lines of sorghum 
in all possible combinations. He found marked heterosis for grain yield, 
and reported that the mean of the hybrids was 79% higher than the mean 
of the parents. His combining ability analysis revealed that for grain 
yield, general combining ability variances were of greater magnitude than 
the variances for specific combining ability. Quinby and Martin (1954) 
reported that one allele can have a great influence upon the combining 
ability of a strain. They found that in crosses between Kafir and Kalo 
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or Kafir and Early Kalo that the difference in combining ability for 
yield between individuals with the maturity allele ma^ and those with Ma^ 
can be as much as 37 percent, with those individuals containing the reces­
sive allele being the better combiners. 
Yield Components 
Grafius (1956) applied a geometric interpretation to the interrela­
tionships of yield components in oats. He postulated that the three com­
ponents, number of panicles per unit area, number of kernels per panicle 
and kernel weight could be thought of as the edges of a rectangular 
parallelpiped, with yield represented by the volume. He theorized that 
a variety might be improved most effectively by lengthening the short 
edge of the rectangle representing the components of yield. Frey (1959, 
1962) was able to show that the components of yield in oats had a lower 
variety by location interaction than did grain yield itself. He also 
found that when both experimental costs and the percentage of selections 
retained were considered, the use of grain yield as the selection criterion 
was more efficient than selection through use of the components of yield. 
When grain yields estimated from yield components were correlated with 
actual yield, the mean r value was approximately 0.40. Leng (1954) 
studied the heterosis expressed by the major components of grain yield in 
corn. He found that number of kernels per row is the only primary com­
ponent in which large positive effects of heterosis are manifested con­
sistently. He concluded that the primary components of yield most 
affected by heterosis are those which require the longest time for their 
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expression. In a later study (1963) he reported that number of kernels 
per row in corn was controlled largely by additive gene action with no 
evidence for overdominance. Gamble (1962b) found that dominant gene 
effects were most important for all components of yield, except for kernel 
row number. Additive gene action, dominance effects and epistasis all 
contributed equally to the inheritance of kernel row number. Additive 
gene action also was observed to be of greater importance in the expres­
sion of components of grain yield than for yield itself. White and Rich­
mond (1963) and Marani (1963) studied yield components in cotton and found 
that heterotic manifestations for number of bolls per plant and boll size 
were the major contributing factors to the heterosis observed for total 
yield. 
Yield components have been the subject of several studies with sorghum. 
Anderson and Webster (1959) reported that when plant populations are 
equal, variations in yield are dependent upon differences in the number 
of heads per plant and weight of grain per head. Stickler and Pauli 
(1961) found that variations for all three yield components had an impact 
on the expression of total grain yield, but that number of seeds per head 
and seed weight generally underwent greater changes than did the component 
number of heads per unit area, and therefore had a greater effect on total 
yield. In an early paper, Martin (1928) reported that the grain yield 
in sorghum is correlated more closely with the number of heads per acre 
than with size of the head or weight of grain per head. Various authors 
have attempted to identify which of the components are primarily respons­
ible for the high yield obtained with hybrid sorghums, Argikar and 
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Chavan (1957), Arnon and Blum (1962), Kambal (1962), Whitehead (1962), 
Quinby (1963) and Niehaus (1964) all agree that number of seeds per head 
is the component exerting the greatest and most consistent effect on total 
grain yield. Similarly, a summary of these investigations indicates that 
seed weight is the least important component in the expression of grain 
yield. 
Genotype by Environment Interaction 
Rojas and Sprague (1952) studied general and specific combining 
ability effects for grain yield in corn and their interactions with loca­
tions and years. Variance components for the interactions involving 
specific combining ability with either locations or years were consistent­
ly larger than those involving general combining ability. This suggested 
to them that the variance due to specific combining ability includes not 
only non-additive effects of genes due to dominance deviations and epis-
tasis, but also a portion of the genotype by environment interaction. 
Matzinger e^ al^, (1959) found the following interactions to be significant 
in a diallel analysis of the yield data obtained from several crosses in 
maize; general combining ability by years, general combining ability by 
years by locations and specific combining ability by locations. They 
concluded that estimates of combining ability obtained from a single 
environment are subject to large biases due to the inclusion of interactions 
of both general and specific effects with years and locations. Gamble 
(1962c), also working with yield in com, concluded that additive gene 
effects interacted less with varying environments than did other types 
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of gene effects, and that the interaction of additive by dominance effects 
with locations was the next least variable component evaluated. 
Allard (1956) used an analysis of diallel crosses in tobacco to study 
the genetic-environmental interactions for several characters. He found 
that for date of flowering the additive genetic effects were comparatively 
stable, but the dominant effects of genes appeared to be unstable over 
environments. For plant height, dominance effects shifted only slightly, 
but additive effects were altered drastically by changes in environment. 
Miller and Marani (1953) report that the interactions of general and 
specific combining ability with locations were small and for several plant 
characters non-significant in their investigations with cotton. Kambal 
(1962) concluded from his studies with sorghum that variances for general 
combining ability were more stable over years than were the variances for 
specific effects. 
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MATERIALS AND METHODS 
Conduct of the Experiment 
Five male-sterile lines were used as female parents and crossed to 
each of eight pollen fertility restoring lines used as male parents to 
make the 40 hybrids used in this investigation. Hereafter, in accord­
ance with the terminology commonly used by sorghum breeders, the male-
sterile lines will be referred to as A lines, their fertile but non-
restoring counterparts will be termed B lines and the pollen fertility 
restoring strains will be called R lines. Crosses were made at the 
Agronomy Farm, Ames, Iowa in 1962 to obtain seed for the 1963 plantings. 
In 1963 some of the F^ plants were selfed to obtain seed for planting the 
F2 experiment in 1964, and the parents were again crossed to obtain seed 
for the F^ experiment in 1964. 
The study consisted of two experiments; 1. The 40 F^ hybrids and 
their parents grown at Ames (central), Castana (west central) and 
Sutherland (northwest), Iowa in 1963 and 1964, 2. The 40 F^ progeny 
and the original parental lines grown at the same locations in 1964. The 
non-fertility restoring counterparts (or B lines) were used as female 
parent entries in lieu of the male-sterile A lines in each experiment. 
Since 25% of the plants in each plot of the F^ progeny would be expected 
to be male-sterile, a mixed pollinator consisting of two early, two medium 
and two late maturing hybrids was planted as border to the F^ experiment 
at each location. Each experiment was arranged as a randomized complete 
block design, with two replicates at each location. 
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Each plot consisted of a single twenty-foot row, with a spacing of 
40 inches between rows. All plots were thinned after emergence to a 
spacing of approximately three inches between plants. Stand counts were 
recorded for the central sixteen feet of each plot, and heads from this 
section were counted and harvested at maturity by severing the peduncle 
immediately below the panicle. Panicles gathered from a single plot were 
dried artificially until the grain moisture content reached 8 to 10 
percent and then threshed using an Almaco experimental plot thresher. 
Characters Measured 
Data were taken on each plot of both the and experiments for 
the following characters; 
Grain yield: The total threshed grain from all seed bearing heads 
of a sixteen-foot plot was recorded in grams. 
Number of heads per plant: The average number of heads per plant 
on both main and side tillers. 
Weight of 100 seeds: The weight of a random sample of 100 seeds 
obtained from the threshed grain of each plot, excluding broken or 
cracked seeds. Weights were recorded to the nearest centigram. 
Number of seeds per head: This character was recorded for each 
plot as an average of all heads in the plot and was calculated using 
the following formula: 
Average number of seeds per head = 
.Total weight of an individual plot. .Weight of 100 seeds. 
Average number of heads per plot ' 100 
Seeds born on a sorghum head are susceptible to damage by birds 
feeding on the maturing heads. The damaged seeds may be cracked or 
partially destroyed, and the yield of an individual head may be reduced 
greatly when bird populations are large and heavy feeding occurs. Appre­
ciable bird damage would bias the results for the characters grain yield, 
weight of 100 seeds and the number of seeds per head. Depredation by 
birds was not a problem at the Castana location, but damage to some entries 
occurred at both Ames and Sutherland. Attempts to minimize the damage by 
bird feeding were made at Ames by using an acetyline powered "Zon" scare­
crow gun, and through use of sizeable border row plantings as buffer strips 
at Sutherland. However, at both Ames and Sutherland feeding by birds was 
appreciable on some entries and measurements for the characters cited 
were adjusted to compensate for the resulting damage. 
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STATISTICAL DEVELOPMENT 
Analysis for Individual Locations 
Estimates of general and specific combining ability can be obtained 
readily from an analysis of data from a set of diallel crosses. Rojas 
(1951), Hayman (1954), Kempthorne (1956) and others have developed analy­
sis of variance techniques for studying combining ability, and have 
described methods for estimating various genetic effects. They defined 
the diallel cross in the usual sense as all possible crosses between a 
set of individuals, excluding selfed pollinations and reciprocal crosses. 
Sorghum is largely self-pollinated, and making crosses by hand 
emasculation and pollination is a tedious procedure. The obtainment of 
an appreciable quantity of crossed seed for all possible combinations 
of a sizeable diallel cross series by this process is an exceedingly , 
large to near prohibitive task. Crosses can be made with relative ease, 
however, and large quantities of crossed seed obtained through the use 
of lines in which the mechanisms for cytoplasmic-genic male-sterility and 
pollen fertility restoration have been incorporated. Utilization of this 
technique, however, precludes the attainment of a complete diallel cross­
ing among all individuals involved. The purpose of this study was to 
investigate the results obtained from crossing each of m pollen fertility 
restorer (R) lines to each of f male-sterile (A) lines, giving mf 
single cross hybrid combinations. From this set of crosses estimates of 
the general combining ability of an R line in terms of its performance 
in hybrid combination with all possible A lines may be obtained. Likewise, 
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the general combining ability of an A line can be estimated in terms of 
its performance in hybrid combination with all possible R lines. 
Analyzing data from hybrids obtained in this manner is comparable to 
the analysis of a 2-way classification model with interaction, with the 
interaction component being a measure of specific combining ability 
effects. To obtain estimates of general and specific combining ability 
it is necessary tc set up a mathematical model that describes the under­
lying biological situation. The following linear hypothesis was assumed 
for analyzing the data: 
^ijk = U + gj + s^j + r^ + e_j^ 
where i = 1,2,...,8 
j = 1,2,...,5 
k = 1,2 
and where y^^^ denotes the value of the k-th experimental unit of the 
progeny of a mating between the i-th R line and the j-th A line. The 
experimental unit was considered to be a single plot within a given 
replicate, and the value of that experimental unit was the measurement 
for the character observed. It was assumed for this study that the 
eight R lines and the five A lines (and their B line or normal cytoplasm 
counterparts) were a random sample of the inbred lines of grain sorghum 
used at the Iowa Agricultural Experiment Station. With this assumption 
one can thereby generalize the results and obtain estimates of the 
variance components from the expectation of the mean squares. 
The term u in the model is an effect common to all hybrids in all 
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replicates. The term is an effect common to all progeny of the i-th 
R line and g^ an effect common to all progeny of the j-th A line. The 
term s^^ is an effect common to the progeny of mating of the i-th R line 
and the j-th A line. The g^ and g^ terms are a measure of the general 
combining ability of the respective R and A lines. The s^^ term measures 
the deviation from an additive genetic model in that its magnitude depends 
upon how much better or poorer the progeny of the mating of the i-th R 
line with the j-th A line are than would be expected on the basis of a 
knowledge of the additive genetic values of the R and A lines. The r^ 
term represents the mean effect of all hybrids grown in the k-th replicate, 
and the e.term is the random error associated with the y.observation, 
ijk •'ijk 
With this model it is assumed that there is an interaction component. 
This is justified since an estimation of the magnitude of specific effects 
was considered a part of the purpose of this study. If the s^^ term had 
been deleted from the model, and it was in fact present, the tests of the 
g^ and gj effects would not have been valid. With the s^^ term in the 
hypothesized model, and no interaction manifest in the population, one 
would still have valid tests of significance for all effects with only 
the power of the tests being sacrificed to an unknown degree. It is also 
realized that in the presence of an interaction among the main effects 
the interpretation of tests of the hypothesis in relation to the main 
effects is not clear. The presence of an interaction does not influence 
estimation of the main effects, nor does it necessarily negate a comparison 
of the magnitude of their variance components. 
Least squares estimates of the ji, g. , g., s. . and r, effects are 
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To obtain a unique solution for the normal equations it is necessary to 
impose the conditions : 
iSi^i - jSi - ill jli ®ij - kÊi^k - °* 
The following solutions are then obtained: 
Y 
M = 80 
êi 
ï i 
Y k 
\ ~ 40 • 
The sums of squares are obtained by multiplying the estimate for each 
parameter by the right-hand sides of the normal equations as discussed 
by Kempthorne (1952). They are: 
• •4 
^ = ?ijk - » 
v2 
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where T is the total sums of squares, M is the sums of squares around the 
mean, the sums of squares for general combining ability effects of the 
R lines, the sums of squares for general combining ability effects of 
the A lines, the sums of squares for specific combining ability 
effects and R the sums of squares for replicates. 
The expectation of the mean squares are obtained by finding the 
expected values of the sums of squares in terms of the original model and 
dividing by the appropriate degrees of freedom. They are: 
yZ 
E[G.] = - M] = (7)(a^+ + lOa^) 
Y 
E[Gj] = E[-^ - M] = (4)(a^+ + 16 ) 
Y? 
E[S ]= E[-i^ - M - G, - G.] = (4)(7)(of + 2ob 
Ij ^ i J S 
To make tests of hypothesis we must make the following assumptions: 
U is a constant, 
2 
g. 's are N.I.D. (0;a ), which is to say they are normally and 
^ Gi 
independently distributed with a mean of zero and have a 
2 
constant variance designated a , 
2 
g. 's are N.I.D. (0;cr ) , 
J Sj 
s. .'s are N.I.D. (0;a^ ), 
ij 
r, 's are constants, 
k 
e. 's are N.I.D. (0;a^) 
IJK 
For the purposes of estimation, it is not necessary to assume 
normality, but we must assume that each term in the model has an expecta­
tion of zero, a constant variance and that all terms are unccrrelated. 
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Rojas (1951) pointed out that is an estimate of genetic similar-
®i 
ity of the R lines, and an estimate of genetic similarity of the A 
lines. The smaller the value of or the more alike genetically 
h 
are the lines, is a measure of the importance of specific combining 
^2 
ability effects. A low value for ô would indicate that the lines 
performed as expected on the basis of their general combining ability. 
2 
A high value for a means that some hybrid combinations did relatively 
"ij 
better and others poorer than expected. 
We now have the developmental and descriptive information necessary 
for constructing an analysis of variance table. 
Table 1. Analysis of variance for data from hybrids grown at one 
location 
Source of Degrees of S.S. M.S. Expectation of the mean squares 
variation freedom 
Replicates r-1 R R' 
Si's 
Sj': 
sij's 
m-1 
f-1 
(m-l)(f-l) 
G. 
1 
G. 
J 
'ij 
G/ 1 
G /  
J 
=13' 
2 
o 
2 
0 
2 
0  
+ 
+ 
+ 
2 
^^s 
2 
2 
. 2 
+ rfa 
h  
+ rma^ 
Error (mf-1)(r-1) E E' 2  a  
Total rmf-1 T 
where: r = number of replicates 
m = number of R lines 
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f = number of A lines 
At each location, each experiment consisted of the 40 hybrids 
or 40 progeny and the 13 parents. As shown in the preceding discussion, 
the F^ hybrids or F^ progeny fit a 2-way classification model with inter­
action. The 8 R lines and 5 B lines were placed randomly in each replicate 
and analyzed using the standard techniques for randomized complete blocks 
as described by Snedecor (1956). 
Analysis of Experiments Combined Over Locations and Years 
It is of interest and value to determine the effects of general and 
specific combining ability and their variances when measured over several 
environments. Replication of an experiment at several locations makes 
possible an evaluation of the effects of varying environments on the 
variances for general and specific combining ability and also permits 
an estimation of the possible interactions of these effects with the 
environments. 
For the purpose of this study, it was desired to make inferences to 
a population of environments. Therefore the locations where this study 
was conducted were considered to be a random sample of a population of 
locations where grain sorghum is grown in Iowa. In like manner, the 
years in which this study was grown were considered to be a random sample 
drawn from a population of years in which sorghum is grown in Iowa. 
The model that was presented for each location can be extended to 
include the effects of additional locations as follows: 
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where: i = 1,2,...,8 k = 1,2 
j = 1,2,...,5 1 = 1,2,3, 
and where ij., g^, g^ and represent the same effects described for one 
location and 1^ is the average effect of the 1-th location. The terms 
(gl)^^ and (gl)j^ are the average interaction effects of the general 
combining abilities of the i-th R line and the j-th A line with the 1-th 
location, and (sl)^j^ the average interaction effect of the specific 
combining ability of the i-th R line crossed to the j-th A line with loca­
tions. The estimate of the error mean square was obtained by pooling 
error mean squares from the analysis of variance for each location. 
The sums of squares would be obtained in the manner described for 
one location where: 
^ " 240 
Y^. 
Sij= -6^"" - M - Gi - Gj 
1 
Y? , 
(Gl^)i = ^ - Gi - L 
Y^. 
(GL) . = - M - G. - L 
J 16 J 
(Sl)^ = - M - - G - L - (GL)^ - (GL)j 
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With this information, the analysis of variance table may be written 
as presented in Table 2. 
The expectation of the mean squares in Table 1 can be easily extended 
over locations since the g^, and s^^ effects are orthogonal to loca­
tions. The extended presentation is given in Table 3. 
Table 2. Analysis of variance of data from hybrids grown at three loca­
tions 
Source of variation Degrees of freedom S.S. M.S. 
Replicates/locations l(r-l) R/L R/L' 
Locations 1-1 L L' 
Si's m-1 G. 1 G.' 1 
f-1 G. 
J Gj' 
(m-l)(f-l) Sij =ii '  
g.'s X locations 1 
(m-1)(1-1) (GL)j^ (GL). '  
gj's X locations (f-1)(1-1) (GL)j (GL).' 
s..'s X locations (m-1)(f-1)(1-1) (SL)i. (SL)i. 
Pooled error l(mf-l)(r-1) E E' 
Total mflr-1 T 
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Table 3. Expectation of the mean squares for general and specific 
combining ability over locations 
Source of variation Expectation of the mean squares 
Si's 
2 
a + 
2 
"Osl + 
. 2 
Iro^ f + flra^ 
h  
Sj':  
' i j ' "  
2 
a  
2  
0  
+ 
+ 
2 
r^sl 
2 
rosl 
4-
+ 
1 2 Ira + 
S 
+ mlra^ 
e.'s X locations 2  a  + 
2 
rcsl + 
gj's X locations 2 0  + 
2 
rcsl + 
""y 
s..'s X locations 
iJ 
2 
a  + 
2 
rcsl 
Pooled error a 
The analysis over locations is easily extended to include the 
components for yaars. The descriptive model for this analysis would be: 
yijklq = W + Yq + 'kiq + * (sDjl 
+ (sl>m + (gy).q + (gy>j^ + (sy)..^ + (sly); iq 
+ (Sly)ijl, + 
%^ere: i = 1,2,. . . 8  1 = 1,2,3 
j = 1,2,—5 y = 1,2, 
k = 1,2 
and where y^ is the average effect of the q-th year. The other main 
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effects and interactions have meanings in context with previous descrip­
tions extended over years and are designated by the appropriate subscripts. 
The analysis of variance presented in Table 2 can be extended to 
include the effects of years, and is presented in Table 4. Since the 
g^, gj and Sj^j effects also are orthogonal to years, the expectation of 
the mean squares presented in Table 3 can be easily extended to include 
the effects of years. These expectations are presented in Table 5. 
An examination of the expectation of the mean squares presented in 
Tables 3 and 5, reveals that F-tests for the g^, g^, g^ x locations, 
and gj X locations components do not portray a simple ratio of two mean 
squares. To obtain an estimate for each ratio that approximates the dis­
tribution of F, linear combinations of the mean squares were formed in a 
manner which enables the numerator and denominator to contain identical 
expectations except for the effect being tested in the numerator. The 
degrees of freedom for testing each ratio were chosen as those correspond­
ing to the component mean square in the numerator and denominator which 
had the smallest degrees of freedom. This procedure results in an 
approximate F-test, and gives a conservative evaluation for significance 
of the comparisons. 
The analysis for the F^ hybrid experiment included the effects of 
both locations and years, but the F^ progeny were planted only in 1964 
at three locations, thus, only the combinations with locations were 
possible. Variances for general and specific combining ability have 
similar meaning in the two experiments, with the expectation of the 
specific combining ability component for the F^ progeny being one-half 
that of the F^ hybrids, assuming no epistasis. 
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Table 4. Analysis of variance of data from hybrids grown at three loca­
tions and in two years 
Source of variation Degrees of freedom s.s. M.S. 
Replicates/locations and years ly(r-l) R/L,Y R:/L,Y' 
Locations 1-1 L L' 
Years y-1 Y Y' 
Si's m-1 
^i ^i' 
Sj's f-1 G. J Gj' 
Sij ^  (m-l)(f-l) 'ij Sii' 
g^'s X locations (m-1)(1-1) (GL). (GL).' 
gj's X locations (f-1)(1-1) (GL)j (GL)j '  
s..'s X locations (m-1)(f-1) (1-1) (SL). j  (SL). j '  
g^'s X years (m-1)(y-1) (GY). (GY).' 
gj's X years (f-1)(y-1) (GY)j (GY).' 
s..'s X years ij (m-1)(f-1)(y-1) (SY).j  (SY).. '  
g^'s X locations x years (m-1)(1-1)(y-1) (GLY). (GLY). '  
g^'s X locations x years (f-1)(1-1)(y-1) (GLY)j (GLY)j '  
Sj^j 's X locations x years (m-1)(f-1)(1-1)(y-1) (SLY).. (SLY).. 
Pooled error ly(mf-l)(r-1) E E' 
Total rlymf-1 T 
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Table 5. Expectation of the mean squares for general and specific 
combining ability over locations and years 
Source of variation Expectation of the mean squares 
Si's 
2 
a + 
2 
'"'^sly + + y'Csi + lyrcg 
+ : 
' ' \ iy + ' "'"4 1 + flyrog 
2 
a  + 
2 
^^sly 
+ 
, 2 
lyosy + lyrp: 
'ij'' 
2 , 2  2  
+ mrcr , + mira + myrg 
gjiy g^y sj 
2  2 , 2  2  
, 2 
^ + mlyrcg 
, 2 
lyr„^ 
g^'s X locations 2 a  + 
2 
^^sly 
+ 
2 
yr*si + 
'"gjiy + £yr4,i 
g^'s X locations 2 0  + 
2 
^^sly 
+ 
2 
+ 
™"Sjiy 
s..'s X locations 
ij 
2  
0  + 
2 
^^sly 4-
2 
g^'s X years 
2  
a  + 
2 
^^sly 
+ + 
+ "'4,y 
gj's X years 2  a  + 2 
^°sly + ''»sy + 
"4jiy 
s..'s X years 
ij 
2  
a  + 
2 
^°sly + 
g. 's X locations x years 
2 
0  + + ly 
gj's X locations x years 2  a  + 2 
^°sly + 
2 
ly 
s^j's X locations x years 2  0  + 2 
^°sly 
Pooled error a 
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Covariances Between Relatives 
Kempthorne (1957) presented the expectation of the mean squares 
for an experiment where each individual from a random sample of s sires 
is mated to each of d dams. Individuals from the same sire and dam are 
full-sibs, and individuals which have either the same sire or same dam 
in common (but not both) are half-sibs. The expectation of the mean 
squares in terms of half and full-sib relationships are presented in 
Table 6. 
Table 6. Expectation of the mean squares for general and specific 
combining ability in terms of half and full-sib relationships 
Source of variation Expectation of the mesn squares 
Si's 
2 
a  + r[Cov (FS)^ - 2 Gov (HS)^] + rf Gov (HS) 
Sj': 
2  
a  + r[Cov (FS) - 2Gov (HS)] + rm Gov (HS) 
=ij': 
error 
2 
a  + r[Cov (FS) - 2 Gov (HS)] 
2 
a  
^Cov (FS) = Covariance between full-sibs. 
^Cov (HS) = Covariance between half-sibs. 
Assuming no epistasis, the following equations may be written to 
describe the covariate relationships: 
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Gov (HS) . (^)ol 
Gov (FS) = (^)af + 
Thus : 
^2 4 Gov (HS) 
^2 _ 4rGov (FS) - 2 Cov"(HS)1 
- (1+F)2 
.2^ .2 .2 
*G = *A + *0 
Since the A and R parental lines were assumed to be unrelated, the 
inbreeding coefficient (F) is equal to zero. 
The covariance between parent and offspring can be estimated by the 
covariance between F^ hybrids and their F^ progeny. Kempthorne (1957) 
2 has shown that assuming no epistasis, Gov (PO) = 1/2 The additive 
genetic variance can then be estimated as follows: 
al = 2 Cov^(PO). 
If we assume; (1) normal diploid segregation, (2) no maternal or 
paternal effects, (3) gene frequencies of 0.5 for all segregating loci, 
(4) no linkage disequalibrium and (5) no epistasis, the covariances 
cr^ = additive genetic variance. 
= dominance variance. 
3 2 
cTg = total genotypic variance. 
36 
between relatives and their relationship to the components of the 
genotypic variance can be summarized in matrix notation as follows: 
Gov"(HS) 
Cov^(FS) 
Gov (PO) 
.2 
^2 
S 
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EXPERIMENTAL RESULTS 
The results presented herein were determined from experiments that 
were planted during the last 10 days of May at all locations in both 
years. Rainfall and temperature conditions during both seasons were 
suitable for good growth and differentiation of the sorghum plant, and 
no evidence of stress conditions was apparent. The grain yields obtained 
were considered normal or above for grain jcrghums in Iowa, with an 
average yield for all entries of 102 and 92 bushels per acre, respectively, 
in 1963 and 1964. 
The experimental results will be presented in the following order: 
(1) means and general and specific response for each character studied; 
(2) mean squares for all characters; (3) variance components for general 
and specific combining ability; (4) covariances between relatives; 
(5) correlations between grain yield and its components; and (6) correla­
tions between hybrids and progeny. 
Means and General and Specific Response 
1963 F^ experiment 
Means of the 3 locations for the parents and F^ hybrids for each 
character are presented in Tables 7, 8, 9 and 10. Since the presentation 
of the means for each location is not essential for the interpretation 
of the presented results, and since they would be too voluminous for 
inclusion in this section, they have been placed in an appendix to this 
thesis. When expressed in terms of bushels per acre, the average yield 
Table 7. Mean grain yield in grams of hybrids and their parents grown at three locations in 1963 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 2715 3209 3314 3246 3399 3177 2172 
Texas 7078 3434 3317 3723 3330 3891 3539 2878 
Texas 04 3349 3236 3501 3207 3670 3393 3662 
Texas 07 3129 3323 3608 3186 3804 3410 3020 
Texas 74 2935 3667 3625 3295 3587 3422 2990 
Redbine 60 3141 3485 3513 3220 3678 3407 3057 
Plainsman 3253 3206 3281 2824 3285 3170 3080 
Caprock 3158 3521 3723 3503 3602 3501 3784 
Mean of females 
crossed to males 
3139 3370 3536 3226 3614 3377® 
Mean of female 
parents 
1944 3055 2960 2 974 3257 2 987^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 8. Mean number of heads per plant of hybrids and their parents grown at three locations 
in 1963 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 West land Red Ian crossed to females male parents 
Norghum 1.63 1.33 1.30 1.30 1.23 1.36 1,46 
Texas 7078 1.27 1.12 1.14 1.14 1.09 1.15 1.16 
Texas 04 1.18 1.06 1.05 1.03 1.04 1.07 1.04 
Texas 07 1.11 1.05 1.11 1.07 1.14 1.09 1.06 
Texas 74 1.31 1.05 1.06 1.02 1.10 1.11 1.11 
Redbine 60 1.24 1.11 1.08 1.04 1.09 1.11 1.11 
Plainsman 1.09 1.03 1.09 1.06 1.07 1.07 1.12 
Caprock 1.14 1.12 1.07 1.07 1.08 1.10 1.16 
Mean of females 
crossed to males 
1.25 1.11 1.11 1.09 1.10 1.13* 
Mean of female 
parents 
1.13 1.03 1.06 1.12 1.06 1.12^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 9. Mean weight of 100 seeds in grains of hybrids and their parents grown at three locations 
in 1963 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Red Ian crossed to females male parents 
Norghum 2.71 2.85 3.04 2.81 2.99 2.88 2.35 
Texas 7078 2.88 2.37 2.64 2.47 2.69 2.61 2.38 
Texas 04 2.83 2.46 2.70 2.36 2.84 2.64 2.50 
Texas 07 2.74 2.53 2.79 2.22 2.60 2.57 2.32 
Texa s 74 2.86 3.02 2.91 2.90 2.86 2.91 2.90 
Redbine 60 2.84 2.77 2.96 2.58 2.81 2.79 2.78 
Plainsman 2.80 2.48 2.62 2.09 2.44 2.48 2.23 
Caprock 2.96 2.53 2.73 2.36 2.58 2.63 2.49 
Mean of females 
crossed to males 
2.83 2.62 2.80 2.47 2.73 2.69* 
Mean of female 
parents 
2.66 2.54 2.82 2.47 3.12 2.58^ 
^Mean of all hybrids. 
^Mean of all parents. 
Table 10. Mean number of seeds per head of F- hybrids and their parents grown at three locations 
in 1963 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 West land Redlan crossed to females male parents 
Norghum 990 1500 1415 1342 1465 1343 1020 
Texas 7078 1693 2180 1941 1992 2247 2010 1836 
Texas 04 1764 1877 2089 2086 1984 1960 1964 
Texas 07 1667 1931 1933 2089 2295 1983 2139 
Texas 74 1334 1939 1942 1773 1978 1793 1546 
Redbine 60 1590 1804 1858 2023 2044 1864 1772 
P lainsman 1728 1858 1946 2142 2109 1957 2149 
Caprock 1522 2116 2038 2250 2361 2057 2223 
Mean of females 
crossed to males 
1536 1901 1895 1962 2060 1871® 
Mean of female 
parents 
1073 1848 1724 1787 1513 1738^ 
^Mean of all F^ hybrids. 
^Mean of all parents. 
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of the hybrids was 108 compared to an average of 96 for all parents. 
In every case, the mean yield of the female parents crossed to each male 
parent was higher than the mean of the common female parent. When Texas 
04 and Caprock were used as the common male parent, the means for hybrids 
involving either of them as the common parent were less than the mean for 
that male parent. The mean number of heads per plant was only slightly 
higher for the hybrids than the mean for all parents, while the mean 
weight of 100 seeds was 0.11 grams higher for the hybrids. For the 
character, number of seeds per head, the mean of the hybrids was 8 per­
cent greater than the mean of the parents. 
The general response for each male parent was calculated for each 
character and expressed as a ratio of the mean performance of hybrids 
involving a given male parent crossed to each female parent and the grand 
mean for all hybrid progeny. Similarly, the general response for each 
female parent is the ratio of the mean performance of hybrids involving 
a given female parent crossed to each male parent and the grand mean of 
all hybrids. The specific response is the ratio of the mean for each 
individual hybrid combination and the grand mean of all hybrids. The 
values for general and specific response for the 1963 experiment are 
presented in Tables 11, 12, 13 and 14. The values for general response 
which deviate greatly from one contribute to a large variance for general 
combining ability. In like manner, values for the response of a specific 
hybrid (shown in the interior cells of the tables) which deviate greatly 
from one contribute to a large variance for specific combining ability. 
The values for general response of male or female parents for grain 
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Table 11. General and specific response for grain yield of F hybrids 
grown at three locations in 1963 
Females Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.80 0.95 0,98 0.96 1.01 0.94 
Texas 7078 1.02 0.98 1.10 0.98 1.15 1.05 
Texas 04 0,99 0.96 1.04 0.95 1.09 1.00 
Texas 07 0.93 0.98 1.07 0.94 1.13 1.01 
Texas 74 0.87 1.08 1.07 0.98 1.06 1.01 
Redbine 60 0.93 1.03 1.04 0.95 1.09 1.01 
Plainsman 0.96 0.95 0,97 0.83 0.97 0.94 
Caprock 0.94 1.04 1.10 1.04 1.07 1.04 
General response 0.93 1.00 1.05 0.96 1.07 1.00 
of females 
Table 12. General and specific response for number of heads per plant 
of F^ hybrids grown at three locations in 1963 
Fpmalpfi Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 1.44 1.18 1.15 1.15 1.09 1.20 
Texas 7078 1.12 0.99 1.01 1.01 0.96 1,02 
Texas 04 1.04 0.94 0.93 0.91 0.92 0.95 
Texas 07 0,98 0.93 0.98 0.95 1.01 0.96 
Texas 74 1.16 0.93 0.94 0.90 0,97 0.98 
Redbine 60 1.10 0.98 0.96 0.92 0.96 0.98 
Plainsman 0,96 0.91 0.96 0.94 0.95 0.95 
Caprock 1.01 0.99 0.95 0.95 0.96 0.97 
General response 1.11 0,98 0.98 0.96 0.97 1.00 
of females 
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Table 13. General and specific response for weight of 100 seeds of 
hybrids grown at three locations in 1963 
Fema les General 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 1. ,01 1. 06 1. 13 1. 04 1. 11 1. ,07 
Texas 7078 1. ,07 0. 88 0. ,98 0. 92 1. 00 0. ,97 
Texas 04 1. ,05 0. ,91 1. ,00 0. .88 1. ,06 0. 98 
Texas 07 1. ,02 0. 94 1. ,04 0. .82 0. 97 0. ,96 
Texas 74 1. ,06 1. ,12 1. ,08 1, .08 1. 06 1. 08 
Redbine 60 1. ,06 1. ,03 1. ,10 0. ,96 1. ,04 1. 04 
Plainsman 1. ,04 0. ,92 0. ,97 0. 78 0. 91 0. 92 
Caprock 1. ,10 0. ,94 1. ,01 0. 88 0. 96 0, 98 
General response 1. ,05 0. 97 1. ,04 0. 92 1. 01 1. 00 
of females 
Table 14. General and specific response for number of seeds per head of 
F^ hybrids grown at three locations in 1963 
Fema les General 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.53 0.80 0.76 0.72 0.78 0.72 
Texas 7078 0.90 1.16 1.04 1.06 1.20 1.07 
Texas 04 0.94 1.00 1.12 1.11 1.06 1.05 
Texas 07 0.89 1.03 1.03 1.12 1.23 1.06 
Texas 74 0.71 1.04 1.04 0.95 1.06 0.96 
Redbine 60 0.85 0.95 0.99 1.08 1.09 1,00 
Plainsman 0.92 0.99 1.04 1.14 1.13 1.04 
Caprock 0.81 1.13 1.09 1.18 1.26 1.10 
General response 0.82 1.02 1.01 1.05 1.10 1.00 
of females 
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yield did not differ greatly from one. Considerably greater variation 
among the values for specific response was evident, with the largest 
value obtained for the Redlan x Texas 7078 hybrid. A marked general 
response was noted for number of heads per plant among hybrids involving 
the Norghum male parent, and also among hybrids which had Reliance as the 
female parent. The Reliance x Norghum hybrid gave a strikingly high value 
of 1.44 for specific response. Values for both the general and specific 
response for weight of 100 seeds generally were near one, but the values 
for number of seeds per head deviated greatly from one. For example, 
the Reliance x Norghum hybrid gave a very low specific response for 
number of seeds per head, whereas the data indicate that the crossing of 
Redlan with Caprock would result in a hybrid that would have a high 
specific response for this component of yield. 
1964 experiment 
The means of the three locations for the four characters studied are 
presented in Tables 15, 16, 17 and 18. In general, the mean grain yields 
of the F^ hybrids and parents were smaller in 1964 than in 1963. The 
grand mean of all hybrids expressed in bushels per acre, was about 98 
compared with a mean yield of 86 for the parents. The mean yield of a 
male parent crossed to each female parent and the mean of a female parent 
crossed to each male parent were always greater than the mean yield of 
the respective common male or female parent. When the mean number of 
heads per plant for the parents was compared with the grand mean of the 
F^ hybrids, the parental mean was found to be slightly higher. For the 
character weight of 100 seeds, the mean of the F^ hybrids showed an 
Table 15. Mean grain yield in grams of F hybrids and their parents grown at three locations in 
1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 2128 2832 2847 2659 3621 2817 2199 
Texas 7078 3030 3168 3322 2795 3734 3210 2816 
Texas 04 3275 3197 3336 2903 2918 3126 2816 
Texas 07 2982 2776 3346 2767 3106 2995 2766 
Texas 74 2646 3302 2950 2720 3109 2945 2817 
Redbine 60 2836 2966 3392 3017 3226 3087 3006 
Plainsman 2990 3057 3079 2601 3293 3004 2740 
Caprock 3216 3229 3282 2950 2992 3134 2729 
Mean of females 
crossed to males 
2888 3066 3194 2801 3250 304cf 
Mean of female 
parents 
1741 2799 2856 2589 2840 2670^ 
^Mean of all F^ hybrids. 
^Mean of all parents. 
Table 16. Mean number of heads per plant of F hybrids and their parents grown at three locations 
in 1964 
Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 1.37 1.34 1.29 1.31 1.36 1.33 1.62 
Texas 7078 1.30 1.10 1.25 1.15 1.16 1.19 1.15 
Texas 04 1.27 1.21 1.12 1.15 1.18 1.19 1.25 
Texas 07 1.17 1.10 1.13 1.09 1.13 1.12 1.13 
Texas 74 1.14 1.26 1.08 1.16 1.06 1.14 1.17 
Redbine 60 1.34 1.16 1.19 1.16 1.17 1.20 1.25 
Plainsman 1.15 1.16 1.15 1.20 1.24 1.18 1.17 
Caprock 1.20 1.11 1.18 1.08 1.19 1.15 1.19 
Mean of females 
crossed to males 
1.24 1.18 1.17 1.16 1.19 1.19* 
Mean of female 
parents 
1.32 1.14 1.16 1.13 1.13 1.22^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 17. Mean weight of 100 seeds in grams of hybrids and their parents grown at three 
locations in 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 2.59 2.84 2.90 2.76 3.04 2.82 2.34 
Texas 7078 3.07 2.64 2.94 2.39 2.93 2.79 2.52 
Texas 04 2.98 2.80 2.86 2.74 3.05 2.88 2.73 
Texas 07 2.82 2.72 2.92 2.57 3.02 2.81 2.59 
Texas 74 3.12 3.02 3.28 3.09 3.25 3.17 3.00 
Redbine 60 3.09 2.90 3.11 2.85 3.20 3.03 3.03 
Plainsman 2.85 2.48 2.75 2.27 2.70 2.61 2.34 
Caprock 3.11 2.84 3.07 2.77 2.84 2.93 2.69 
Mean of females 
crossed to males 
2.95 2.78 2.98 2.68 3,01 2.88* 
Mean of female 
parents 
2.64 2.74 2.93 2.60 3.15 2.72^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 18. Mean number of seeds per head of hybrids and their parents grown at three locations 
in 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1088 1463 1468 1478 1703 1440 1151 
Texas 7078 1610 2159 1763 1897 2182 1922 1682 
Texas 04 1742 1925 1989 1780 1492 1786 1712 
Texas 07 1741 1833 1868 2009 1770 1844 1759 
Texas 74 1353 1740 1481 1503 1681 1551 1672 
Redbine 60 1328 1759 1783 1821 1745 1687 1604 
Plainsman 1593 2068 2000 1907 2002 1914 1982 
Caprock 1705 1999 1790 1920 1852 1853 1660 
Mean of females 
crossed to males 
1520 1868 1768 1789 1803 1750® 
Mean of female 
parents 
951 1675 1710 1665 1677 1608^ 
^Mean of all F^ hybrids. 
^Mean of all parents. 
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increase over the parental mean similar to that observed in 1963. The 
mean number of seeds per head for both the hybrids and parents was 
smaller in 1964 than in 1963, but the mean for the hybrids was again 
greater than the parental mean. 
The general and specific response for each character is presented 
in Tables 19, 20, 21 and 22. As observed in the 1963 results, the values 
for general response of male and female parents for grain yield did not 
deviate greatly from one. The Redlan x Texas 7078 hybrid again showed 
the greatest specific response for yield, and the data indicates that 
these two parents also should be the best general combiners for this 
character. The responses obtained for weight of 100 seeds in 1964 were 
similar to those observed for the 1963 experiment. The general 
response for number of seeds per head for the male parent, Texas 7078, and 
the female parent, Martin, were the largest observed, and the hybrid 
of these parents showed the greatest specific response. 
1963-1964 combined F^ experiment 
The means of the F^ hybrids and their parents grown at three loca­
tions in 1963 and 1964 are presented in Tables 23, 24, 25 and 26. The 
mean grain yield for all hybrids was approximately 103 bushels per acre 
compared with a mean of 91 bushels for all parents. In each case, the 
mean of the male parents crossed to each female parent, and the mean of 
the female parents crossed to each male parent was higher than the mean 
of the respective common male or female parent. The summary of the 
data for numbers of heads per plant shows that the mean of the hybrids 
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Table 19. General and specific response for grain yield of hybrids 
grown at three locations in 1964 
Female Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0, .70 0, ,93 0. ,94 0. ,87 1. ,19 0. ,93 
Texas 7078 1. ,00 1. 04 1. ,09 0. ,92 1. ,23 1. 06 
Texas 04 1. ,08 1. ,05 1. ,10 0. ,95 0. 96 1. ,03 
Texas 07 0. ,98 0. ,91 1. ,10 0. ,91 1. ,02 0. ,98 
Texas 74 0. ,87 1. ,09 0. ,97 0, ,89 1. ,02 0. ,97 
Redbine 60 0. ,93 0, ,98 1. ,12 0. ,99 1. ,06 1. ,02 
Plainsman 0. ,98 1. 00 1. ,01 0. ,86 1. ,08 0. ,99 
Caprock 1, .06 1. ,06 1. ,08 0. ,97 0. ,98 1. ,03 
General response 0. ,95 1. ,01 1. ,05 0. ,92 1. ,07 1. ,00 
of females 
Table 20. General and specific response for number of heads per plant 
of F^ hybrids grown at three locations in 1964 
Females Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 1. ,15 1. 13 1. 08 1. ,11 1. 14 1. ,12 
Texas 7078 1. ,09 0. 92 1. ,05 0. ,97 0. 97 1. ,00 
Texas 04 1. ,07 1. 02 0. ,94 0. ,97 0. 99 1. ,00 
Texas 07 0. 98 0. 92 0. ,95 0. ,92 0. 95 0. ,94 
Texas 74 0. ,96 1. 06 0. ,91 0. ,97 0. 89 0. ,96 
Redbine 60 1. ,13 0. 97 1. ,00 0. ,97 0. 98 1. ,01 
Plainsman 0. 97 0. 97 0, .97 1. ,01 1. 04 0. 99 
Caprock 1. 01 0. 93 0. 99 0. ,91 1. 00 0. 97 
General response 1. 04 0. 99 0. 98 0. 97 1. 00 1. 00 
of females 
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Table 21. General and specific response for weight of 100 seeds of 
hybrids grown at three locations in 1964 
Female Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.90 0.99 1.01 0.96 1.06 0.98 
Texas 7078 1.06 0.92 1.02 0.83 1.02 0.97 
Texas 04 1.03 0.97 0.99 0.95 1.06 1.00 
Texas 07 0.98 0.94 1.01 0.89 1.05 0.97 
Texas 74 1.08 1.05 1.14 1.07 1.13 1.09 
Redbine 60 1.07 1.01 1.08 0.99 1.11 1.05 
Plainsman 0.99 0.86 0.95 0.79 0.94 0.91 
Caprock 1.08 0.99 1.06 0.96 0.99 1.02 
General response 1.02 0.96 1.03 0.93 1.04 1.00 
of females 
Table 22. General and specific response for number of seeds per head of 
F^ hybrids grown at three locations in 1964 
Female Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.62 0.84 0.84 0.84 0.97 0.82 
Texas 7078 0.92 1.23 1.01 1.08 1.25 1.10 
Texas 04 1.00 1.10 1.14 1.02 0.85 1.02 
Texas 07 1.00 1.05 1.07 1.15 1.01 1.05 
Texas 74 0.77 0.99 0.85 0.86 0.96 0.89 
Redbine 60 0.76 1.00 1.02 1.04 1.00 0.96 
Plainsman 0.91 1.18 1.14 1.09 1.14 1.09 
Caprock 0.97 1.14 1.02 1.10 1.06 1.06 
General response 0.87 1.07 1.01 1.02 1.03 1.00 
of females 
Table 23. Mean grain yield in grains of hybrids and their parents grown at three locations in 
1963 and 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 2421 3021 3081 2953 3510 2997 2185 
Tfixas 7078 3232 3243 3522 3062 3812 3374 2847 
Texas 04 3312 3217 3418 3055 3294 3259 3239 
Texas 07 3055 3049 3477 2976 3455 3202 2893 
Texas 74 2791 3484 3288 3007 3348 3184 2903 
Redbine 60 2988 3225 3452 3119 3452 3247 3031 
Plainsman 3122 3132 3180 2712 3289 3087 2910 
Caprock 3187 3375 3502 3227 3297 3318 3256 
Mean of females 
crossed to male 
3013 3218 3365 3014 3432 3208* 
Mean of female 
parents 
1842 2927 2908 2782 3048 2829^ 
^Mean of all F^ hybrids. 
^Mean of all parents. 
Table 24. Mean number of heads per plant of hybrids and their parents grown at three locations 
in 1963 and 1964 
Females Mean of males Mean of 
Mil les Reliance Martin Kafir 60 Westland Red Ian crossed to females male parents 
Norghum 1.50 1.33 1.30 1.30 1.29 1.34 1.54 
Texas 7078 1.29 1.11 1.19 1.14 1.12 1.17 1.15 
Texas 04 1.22 1.13 1.09 1.09 1.11 1.13 1.14 
Tc.xas 07 1.14 1.07 1.12 1.08 1.13 1.11 1.10 
Teixas 74 1.23 1.16 1.07 1.09 1.08 1.12 1.14 
Redbine 60 1.29 1.13 1.13 1.10 1.13 1.16 1.18 
Plainsman 1.12 1.09 1.12 1.13 1.16 1.12 1.15 
Caprock 1.17 1.11 1.12 1.08 1.14 1.12 1.17 
Mean of females 
crossed to males 
1.25 1.14 1.14 1.13 1.14 1.16* 
Mean of female 
parents 
1.22 1.08 1.11 1.12 1.09 1.17^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 25. Mean weight of 100 seeds in grams of hybrids and their parents grown at three locations 
in 1963 and 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Weetland RedIan crossed to females male parents 
Norghum 2.65 2.84 2,96 2.78 3.01 2.85 2.35 
Texas 7078 2.97 2.51 2.79 2.43 2.81 2.70 2.44 
Texas 04 2.91 2.63 2.78 2.55 2.95 2.76 2.61 
Texas 07 2.78 2.63 2.85 2.39 2.81 2.69 2.45 
Texas 74 2.99 3.02 3.10 2,99 3.09 3.04 2.95 
Redbine 60 2.96 2.83 3.03 2,71 3.00 2,91 2.90 
Plainsman 2.82 2.48 2.69 2.18 2.57 2,55 2.29 
Caprock 3.03 2.69 2.90 2,56 2.71 2.78 2.59 
Mean of females 
crossed to males 
2.89 2.70 2,89 2.58 2.87 2.78* 
Mean of female 
parents 
2.65 2.64 2.87 2,53 3.13 2,65^ 
^Mean of all Fj^ hybrids. 
^Mean of all parents. 
Table 26. Mean number of seeds per head of hybrids and their parents grown at three locations 
in 1963 and 1964 
Females Mean of males Mean i 
Ma les Reliance Martin Kafir 60 West land RedIan crossed to females male pa: 
Norghum 1039 1482 1442 1410 1584 1391 1085 
Texas 7078 1651 2170 1852 1944 2214 1966 1759 
Texas 04 1753 1901 2039 1933 1738 1873 1838 
Texas 07 1704 1882 1901 2049 2032 1914 1949 
Texas 74 1344 1839 1711 1638 1829 1672 1609 
Redbine 60 1459 1781 1820 1922 1894 1775 1688 
Plainsman 1661 1963 1973 2024 2055 1935 2066 
Caprock 1613 2057 1914 2085 2106 1955 1941 
Mean of females 
crossed to males 
1528 1884 1831 1876 1932 1810f 
Mean of female 1012 1762 1717 1726 1595 1673 
parents 
^Mean of all hybrids. 
^Mean of all parents. 
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was slightly smaller than the mean of the parents. When the weight of 
100 seeds data were averaged for the two year period, the mean for all 
hybrids was higher than the mean of all parents. Likewise, the mean 
number of seeds per head for all hybrids was considerably greater than 
the mean for all parents. 
Values for the general and specific response for each character 
are presented in Tables 27, 28, 29 and 30. The greatest general response 
for grain yield was observed for the female parent Redlan and for the 
male parent Texas 7078, indicating that these parents are good general 
combiners and would be expected to do well in most hybrid combinations. 
The hybrid of these two parents had the highest specific response 
among the hybrid combinations tested. Reliance and Norgjium were the best 
general combiners for the yield component number of heads per plant, 
and their hybrid also gave the highest specific response for this charac­
ter. The values for general and specific response for weight of 100 
seeds did not deviate markedly from one for any of the hybrid combina­
tions. In contrast, when the 2-years results for number of seeds per 
head were averaged, the general response was very low for the parents 
Reliance and Norghum. The highest specific response for seeds per head 
was observed for the same hybrid that gave the highest specific response 
for grain yield, Redlan x Texas 7078. 
1964 experiment 
The parental and F2 progeny means for each character are presented 
in Tables 31, 32, 33 and 34. The difference between the mean of all F^ 
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Table 27. General and specific response for grain yield of hybrids 
grown at three locations in 1963 and 1964 
Males Females General 
Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.75 0.94 0.96 0.92 1.09 0.93 
Texas 7078 1.01 1.01 1.10 0.95 1.19 1.05 
Texas 04 1.03 1.02 1.06 0.95 1.03 1.02 
Texas 07 0.95 0.95 1.08 0.93 1.08 1.00 
Texas 74 0.87 1.08 1.02 0.94 1.04 0.99 
Redbine 60 0.93 1.00 1.08 0.97 1.08 1.01 
Plainsman 0.97 0.98 0.99 0.84 1.02 0.96 
Caprock 0.99 1.05 1.09 1.00 1.03 1.03 
General response 0.94 1.00 1.05 0.94 1.07 1.00 
of females 
Table 28, General and specific response for number of heads per plant 
of F^ hybrids grown at three locations in 1963 and 1964 
Males Females General 
Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 1.29 1.15 1.12 1.12 1.11 1.16 
Texas 7078 1.11 0.96 1.02 0.98 0.96 1.01 
Texas 04 1.05 0.97 0.94 0.94 0.96 0.97 
Texas 07 0.98 0.92 0.96 0.93 0.97 0.96 
Texas 74 1.06 1.00 0.92 0.94 0.93 0.97 
Redbine 60 1.11 0.93 0.97 0.95 0.97 1.00 
Plainsman 0.96 0.94 0.96 0.97 1.00 0.96 
Caprock 1.01 0.96 0.96 0.93 0.98 0.96 
General response 1.08 0.98 0.98 0.97 0.98 1.00 
of females 
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Table 29. General and specific response for weight of 100 seeds of 
hybrids grown at three locations in 1963 and 1964 
Females Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.95 1.02 1.06 1.00 1.08 1.02 
Texas 7078 1.07 0.90 1.00 0.87 1.01 0.97 
Texas 04 1.05 0.95 1.00 0.92 1.06 0.99 
Texas 07 1.00 0.95 1.02 0.86 1.01 0.97 
Texas 74 1.08 1.09 1.12 1.08 1.11 1.09 
Redbine 60 1.06 1.02 1.09 0.97 1.08 1.05 
Plainsman 1.01 0.89 0.97 0.78 0.92 0.92 
Caprock 1.09 0.97 1.04 0.92 0.97 1.00 
General response 1.04 0.97 1.04 0.93 1.03 1.00 
of females 
Table 30. General and specific response for number of seeds per head 
of hybrids grown at three locations in 1963 and 1964 
Fema les Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.57 0.82 0.80 0.77 0.88 0.77 
Texas 7078 0.91 1.20 1.02 1.07 1.22 1.09 
Texas 04 0.97 1.05 1.13 1.07 0.96 1.03 
Texas 07 0.94 1.04 1.05 1.13 1.12 1.06 
Texas 74 0.74 1.02 0.94 0.90 1.01 0.92 
Redbine 60 0.81 0.98 1.00 1.06 1.05 0.98 
Plainsman 0.92 1.08 1.09 1.12 1.14 1.07 
Caprock 0.89 1.14 1.06 1.15 1.16 1.08 
General response 0.84 1.04 1.01 1.04 1.07 1.00 
of females 
Table 31. Mean grain yield in grams of F2 progeny and their parents grown at three locations in 196^ 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 2002 2714 2619 2468 2852 2531 2188 
Texas 7078 2581 3036 2976 2618 2846 2811 2791 
Texas 04 2599 3035 2838 2684 2761 2 783 2850 
Texas 07 2325 3057 3023 2794 3111 2862 2786 
Texas 74 2160 3026 2775 2518 3090 2714 2678 
Reclbine 60 2524 3017 3052 2685 3141 2884 2874 
Plainsman 3008 2768 2955 2619 2841 2838 2910 
Caprock 2751 3108 3046 2904 3000 2962 2991 
Mean of females 
crossed to males 
2494 2970 2910 2661 2955 2798* 
Mean of female 
parents 
1785 3067 3246 2551 3134 2 758^ 
^Mean of all progeny. 
^Mean of all parents. 
Table 32. Mean number of heads per plant of F_ progeny and their parents grown at three locations 
in 1964 
Fema les Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1.50 1.28 1.23 1.36 1.37 1.35 1.64 
Texas 7078 1.29 1.15 1.11 1.20 1.15 1.18 1.15 
Texas 04 1.24 1.12 1.08 1. 16 1.14 1.15 1.19 
Texas 07 1.21 1.14 1.14 1.16 1.05 1.14 1.18 
Texas 74 1.23 1.13 1.21 1.10 1.14 1.16 1.14 
Redbine 60 1.48 1.15 1.24 1.17 1.09 1.23 1.16 
Pliiinsman 1.32 1.15 1.14 1.14 1.12 1.17 1.19 
Caprock 1.30 1.18 1.18 1.13 1.16 1.19 1.09 
Mean of females 
crossed to males 
1.32 1.16 1.17 1.18 1.15 1.2Cf 
Mean of female 
parents 
1.34 1.21 1.20 1.14 1.17 1.22^ 
^Mean of all progeny. 
^Mean of all parents. 
Table 33. Mean weight of 100 seeds in grams of F progeny and their parents grown at three locations 
in 1964 ^ 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 2.53 2.82 2.89 2.68 2.91 2.77 2.36 
Texas 7078 3.04 2.80 2.95 2.69 2.78 2.85 2.55 
Texas 04 2.92 2.72 2.91 2.77 2.81 2.83 2.68 
Texas 07 2.91 2.80 2.94 2.62 2.86 2.83 2.62 
Texas 74 3.02 2.94 3.09 2.92 3.04 3.00 3.01 
Redbine 60 3.10 2.87 3.04 2.67 2.88 2.91 3.16 
Plainsman 2.94 2.59 2.87 2.48 2.59 2.70 2.29 
Caprock 3.01 2.78 2.74 2.68 2,73 2.79 2.77 
Mean of females 
crossed to males 
2.93 2.79 2.93 2.69 2.82 2.83* 
Mean of female 
parents 
2.62 2.63 2.90 2.66 3,28 2.73^ 
^Mean of all progeny, 
^Mean of all parents. 
Table 34. Mean number of seeds per head of F„ progeny and their parents grown at three locations 
in 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1013 1312 1326 1342 1393 1227 1121 
Texas 7078 1216 1754 1685 1646 1849 1630 1788 
Texas 04 1336 1803 1654 1521 1716 1606 1754 
Texas 07 1270 1798 1735 1759 1898 1692 1993 
Texas 74 1137 1753 1590 1457 1600 1507 1610 
Redbine 60 1163 1695 1753 1643 1908 1632 1554 
Plainsman 1510 1689 1734 1794 1858 1717 1970 
Caprock 1426 1850 1823 1778 1930 1761 1911 
Mean of females 
crossed to males 
1259 1707 1662 1617 1769 1603^ 
Mean of female 
parents 
953 1911 1755 1567 1695 1660^ 
^Mean of all F^ progeny. 
^Mean of all parents. 
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progenies and the mean of all parents was not nearly as large for any of the 
characters as were the differences observed between the hybrid and the 
parental means. When the mean grain yield for the F^ progeny is compared 
with the mean of the F^ hybrids grown in 1964 (Table 15), an advantage of 
242 grams (or approximately 8 bushels per acre) for the F^ hybrids is 
obtained. The mean number of heads per plant for all F2 progeny was slight­
ly less than the mean of all parents. A slight decrease was observed for 
the mean weight of 100 seeds of the F^ progeny grown in 1964 compared to 
the mean of the F^ hybrids grown in the same year (Table 16). However, 
the mean of all F^ progeny was somewhat higher than the parental mean. A 
similar decrease in the mean of the F^ progeny was obtained for number of 
seeds per head, when compared to the grand mean for the Fj^ hybrids (Table 
18). 
The values for general and specific response of the F^ progeny are 
presented in Tables 35, 36, 37 and 38. For grain yield, Martin and 
Redlan were found to be female parents with equally good general combining 
ability, and Caprock exhibited the highest general response among the 
male parents. Values for the specific response for grain yield generally 
were nearer to one than those presented for the 1964 F^^ experiment (Table 
19). As was the case in the F^ hybrid experiment, a high specific 
response in the F^ progeny was obtained for number of heads per plant when 
Reliance and Norghum were used as parents. These parents also displayed 
a high general response for this character. Values estimating the general 
and specific response for the weight of 100 seeds did not deviate greatly 
from one, but the values observed for number of seeds per head showed a 
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Table 35, General and specific response for grain yield of F» progeny 
grown at three locations in 1964 
Females General 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.72 0.97 0.94 0.88 1.02 0,90 
Texas 7078 0.92 1.08 1.06 0.94 1,02 1,00 
Texas 04 0.93 1.08 1.01 0,96 0.99 0.99 
Texas 07 0.83 1.09 1.08 1,00 1.11 1.02 
Texas 74 0.77 1.08 0.99 0,90 1.10 0.97 
Redbine 60 0.90 1.08 1.09 0.96 1.12 1,03 
Plainsman 1.07 0.99 1.06 0.94 1.02 1,01 
Caprock 0,98 1.11 1.09 1.04 1.07 1,06 
General response 0.89 1.06 1.04 0.95 1,06 1,00 
of females 
Table 36. General and specific response for number of heads per plant of 
F^ progeny grown at three locations in 1964 
Females Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 1.25 1.07 1.02 1.13 1.14 1.12 
Texas 7078 1,08 0,96 0.92 1.00 0,96 0,98 
Texas 04 1,03 0.93 0,90 0.97 0,95 0.96 
Texas 07 1,01 0.95 0,95 0,97 0,88 0.95 
Texas 74 1,02 0.94 1.01 0,92 0,95 0.97 
Redbine 60 1.23 0.96 1.03 0,98 0,91 1.02 
Plainsman 1.10 0,96 0,95 0,95 0,93 0.98 
Caprock 1,08 0,98 0.98 0.94 0,97 0.99 
General response 1.10 0.97 0.98 0.98 0,96 1.00 
of females 
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Table 37. General and specific response for weight of 100 seeds of F2 
progeny grown at three locations in 1964 
Females Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.89 1.00 1.02 0.95 1.03 0.98 
Texas 7078 1.07 0.99 1.04 0.95 0.98 1.01 
Texas 04 1.03 0.96 1.03 0.98 0.99 1.00 
Texas 07 1.03 0.99 1.04 0.92 1.01 1.00 
Texas 74 1.07 1.04 1.09 1.03 1.07 1.06 
Redbine 60 1.10 1.01 1.07 0.94 1.02 1.03 
Plainsman 1.04 0.92 1.01 0.88 0.92 0.95 
Caprock 1.06 0.98 0.97 0.95 0.96 0.98 
General response 1.04 0.98 1.04 0.95 1.00 1.00 
of females 
Table 38. General and specific response for number of seeds per head of 
Fg progeny grown at three locations in 1964 
Females Genera 1 
Males Reliance Martin Kafir 60 Westland Redlan response 
of males 
Norghum 0.63 0.82 0.83 0.84 0.87 0.80 
Texas 7078 0.76 1.09 1.05 1.03 1.15 1.02 
Texas 04 0.83 1.12 1.03 0.95 1.07 1.00 
Texas 07 0.79 1.12 1.08 1.10 1.18 1.06 
Texas 74 0.71 1.09 0.99 0.91 1.00 0.94 
Redbine 60 0.72 1.06 1.09 1.02 1.19 1.02 
Plainsman 0.93 1.05 1.08 1.12 1.16 1.07 
Caprock 0.89 1.15 1.14 1.11 1.20 1.10 
General response 0.78 1.06 1.04 1.01 1.10 1.00 
of females 
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considerable amount of deviation. Relative performance of the parental 
varieties as indicated by the values for both the general and specific 
response for this character were similar to those observed for grain yield. 
Mean Squares 
1963 experiment 
The mean squares from the combined analysis of variance for the 1963 
experiment are presented in Table 39. Throughout the thesis, general 
combining ability effects of male parents will be referred to as g^ 
effects, the general combining ability effects of female parents will be 
termed g^ effects, and specific combining ability effects exhibited by 
the hybrids will be called s^^ effects. Differences among F^ hybrids 
that exceeded the one percent level of probability were observed for grain 
yield and number of seeds per head. For grain yield, the mean square 
for gj effects was more than three times as great as the mean square for 
g^ effects, however neither was significant. The s^^ effects among the 
hybrid combinations for grain yield were found to be significantly 
different from zero at the one percent level of probability. The mean 
squares for g^ effects exceeded the five percent level of probability 
for both the number of heads per plant and weight of 100 seeds, while 
the mean squares for g^ effects exceeded the one percent probability 
level for number of heads per plant. As was the case for grain yield, 
the mean squares for g^ effects for number of seeds per head were more 
than three times as great as the mean squares for g^ effects. The mean 
squares for s^. effects surpassed the one percent probability level for 
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Table 39. Mean squares from combined analysis of variance for 1963 
experiment 
Source of Degrees Grain yield Number of Weight of Number of 
variation of heads 100 seeds seeds 
freedom per plant per head 
Locations 
Replicates/ 
locations 
Entries 
Among parents 
Among males 
Among females 
Males vs. 
females 
Among hybri( 
vi 
ij ® 
Parents vs. F^ 
hybrids 
Entries x loca­
tions 
Parents x 
locations 
Males X 
locations 
Females x 
locations 
(M vs. f) X 
locations 
F^ hybrids x 
locations 
g. 's X loca-
^ tions 
g.'s X loca-
^ tions 
2 12,613,304** 0.177** 2.584** 2 ,241,325** 
3 30,121 0.012 0.082 53,860 
52 810,828** 0.080** 0.336** 612,971** 
12 1,474,518** 0.072** 0.402** 843,690** 
7 1,468,647** 0.103** 0.322** 952,198** 
4 1,583,014 0.042* 0.402 594,075** 
1 1,081,628* 0.102* 0.989 1 ,082,597 
Is 39 397,565** 0.084 0.307 531,079** 
7 552,644 0.271* 0.689* 67,991 
4 1,931,725 0.207** 0.996 246,815 
28 139,630** 0.019 0.113* 687,460** 
1 8,963,777 0.003 0.692* 1 ,038,124* 
104 238,686** 0.011* 0.097** 70,875 
24 433,921** 0.013* 0.117** 65,084 
14 323,202** 0.017* 0.047 57,918 
8 622,102** 0.008 0.195** 72,263 
2 456,235* 0.006 2.556** 86,527 
78 165,634* 0.093** 0.092** 73,745 
14 333,881** 0.094 0.083 92,311 
8 584,658** 0.010 0.360** 158,192* 
g.'s refers to general combining ability for male parents. 
g.'s refers to general combining ability for female parents. 
'^s^'s refers to specific combining ability. 
*F value exceeds the 5% level of probability. 
value exceeds the 17= level of probability. 
Table 39. (Continued) 
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Source of Degrees 
variation of 
freedom 
Grain yield Number of 
heads 
per plant 
Weight of 
100 seeds 
Number of 
seeds 
per head 
s..'s X loca- 56 
tions 
(Par. vs. F^) x 2 
63,125 
744,868** 
0.091** 
0.036** 
0.056** 
0.082 
57,039 
28,460 
locations 
Pooled error 156 115,492 0.008 0.032 58,275 
(Coefficient of varia­
tion, %) 
(10.3) (7.8) (6.7) (13.1) 
the number of seeds per head, and the five percent level for the weight 
of 100 seeds. 
The mean square for the interaction of hybrids with locations 
exceeded the five percent level of probability for grain yield, and the 
one percent level for number of heads per plant and 100-seed weight. 
The highly significant mean squares for the interactions of both the g^ 
and g^ effects with locations for grain yield indicates that the additive 
effects of yield genes were not consistent in their expression when 
measured over several locations. When the components of yield, number 
of heads per plant and weight of 100 seeds, were examined the mean 
squares for the interactions of s^^ effects with locations were highly 
significant. The mean squares for the interactions of effects with 
locations were significant at the one percent probability level for 100-
seed weight and at the five percent level for number of seeds per head. 
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1964 experiment 
The mean squares for the 1964 experiment combined over the 3 loca­
tions are presented in Table 40. In general, the coefficients of varia­
tion for the 1964 F^ experiment were similar to those presented for the 
1963 experiment, indicating that the two experiments were measured 
with about equal precision. Differences among the F^ hybrids for grain 
yield and its components again exceeded the one percent probability level. 
In harmony with the 1963 results for grain yield, the mean square for the 
gj effects was considerably larger than the mean square for g^ effects. 
All mean squares for the g^ and g^ effects for the compafients of yield 
were significant except the g^ effect for the number of heads per plant. 
Similarly, the s^^ effects were found to differ significantly at the one 
percent probability level for grain yield and all components of grain 
yield except the number of heads per plant. 
The interaction of g^ effects with locations surpassed the one percent 
probability level for number of seeds per head, and the five percent 
level for 100-seed weight. In contrast, the interaction of g^ effects 
with locations was significant only for grain yield. The only instance 
of significance for the interaction of s^^ effects with locations also 
was for grain yield. 
1963-1964 combined F^ experiment 
The mean squares from the analysis of variance for the 1963-1964 
F^ experiment combined over all locations are presented in Table 41. 
Significant differences were not observed for the main effects of either 
Table 40. Mean squares from combined analysis of variance for 1964 experiment 
Source of variation Degrees Number of Number of 
of heads Weight of seeds 
freedom Grain yield per plant 100 seeds per head 
Locations 2 13,779,511** 3.572** 0.968** 6,376,417** 
Replicates/locations 3 525,033 0.027 0.019 163,075 
Entries 52 707,176** 0.056** 0.056** 371,935** 
Among parents 12 683,451** 0.108 0.385** 426,345** 
Among males 7 327,019 0.151** 0.419** 324,671** 
Among females 4 1,343,323** 0.040 0.308** 642,681** 
Males vs. females 1 538,992 0.076* 0.457 252,720* 
Among F, hybrids 39 526,348** 0.040** 0.315** 334,808** 
g.'s '• 7 467,550 0.126* 0.833** 928,856* 
Ss 's 4 1,781,084 0.047 0.997** 858,164* 
sJj's 28 361,800** 0.018 0.088** 111,531** 
Parents vs. F^ 1 8,044,186* 0.046 1.621* 1,166,931 
Entries x locations 104 143,133** 0.014 0.022* 54,099** 
Parents x locations 24 123,574* 0.091** 0.030* 55,422* 
Males X locations 14 141,438* 0.004 0.014 46,702 
Females x locations 8 84,956 0.019 0.037* 82,960** 
(M vs. f) X locations 2 153,000 0.001 0.107** 6,304 
F^ hybrids x locations 78 149,799** 0.016 0.020 53,104** 
g^'s X locations 14 162,078 0.021 0.036* 116,209** 
g.'s X locations 8 291,136* 0.010 0.011 35,970 
s^.'s X locations 
i 1 
56 126,538** 0.016 0.017 39,775 
(Par. vs. F^) x locations 2 117,887 0.016 0.040 77,020 
Pooled error 156 71,667 0.017 0.016 29,290 
(Coefficient of variation, 7o) (9.0) (10.8) (4.4) (9.9) 
*F value exceeds the 5% level of probability. 
**F value exceeds the 1% level of probability. 
Table 41. Mean squares from combined analysis 
Source of variation Degrees 
of 
freedom 
Years 1 
Locations 2 
Years x locations 2 
Reps/locatlons and years 6 
Entries 56 
Among parents 12 
Among males 7 
Among females 4 
Males vs. females 1 
Among hybrids 39 
g/s 7 
8:'8 4 
«Ij's 28 
Parents vs. hybrids 1 
Entries x locations 104 
Parents x locations 24 
Males X locations 14 
Females x locations 7 
(M vs. f ) X locations 2 
F2 hybrids x locations 39 
g^'s X locations 14 
g.'s X locations 8 
s^j's X locations 56 
(Par. vs. Fj^) x locations 2 
Entries x years 52 
Parents x years 12 
Males X years 7 
Females x years 4 
(M vs. f) X years 1 
hybrids x years 39 
g^'s X years 7 
g.'s X years 4 
j's X years 28 
(Par. vs. F^) x years 1 
Entries x locations x years 104 
1) <] CI V 1 /-*/•» Q ^  C3 V o -v n 
of variance for 1963 and 1964 F^ experiments 
Grain yield 
Number of 
heads 
per plant 
Weight of 
100 seeds 
Number of 
seeds 
per head 
17,566,464 0.685 4.968 2, 420,295 
7,672,501 1.085 3.329 861,814 
18,720,315** 2.664 0.222* 7, 755,926** 
277,577 0.019 0.051 108,467 
1,337,445** 0.115** 0.630** 873,104** 
1,862,534** 0.166** 0.759** 1, 142,181** 
1,324,676 0.239** 0.712** 1, 112,172* 
2,875,958** 0.038 0.690 1, 182,563* 
1,573,847 0.177 1.368 1, 190,720 
774,390** 0.101** 0.550* 755,710** 
888,528 0.362** 1.337* 2, 325,384** 
3,611,009** 0.224* 1.904** 2, 511,759** 
340,624 0.019 0.160** 112,428 
16,995,508 0.012 2.217 2, 222,555 
162,993 0.012 0.066 56,766 
203,458 0.010 0.088 36,672 
158,268 0.012 0.032 40,131 
305,331 0.010 0.131 28,619 
112,295 0.006 0.297 44,668 
132,785 0.011 0.058 64,037 
210,320 0.014 0.087 107,741 
282,422 0.011 0.170 45,121 
92,025 0.011 0.034 55,864 
855,548 0.048 0.110 12,922 
180,558 0.021 0.062 111,801* 
295,435 0.014 0.028 126,187 
470,990 0.015 0.029 164,697 
50,378 0.013 0.021 54,193 
46,772 0.009 0.048 144,596 
149,532 0.023* 0.071 110,177* 
131,665 0.035 0,184* 176,757 
101,800 0.031 0.088 240,913 
160,805 0.019 0.041 74,855* 
12,424 0.029 0.095 2,490 
218,825** 0.013 0.054** 68,207** 
OO 1 £1 n m 1 r\ c fiuuuu 
Parents x locations 24 
Maies X locations 14 
Females x locations 7 
(M vs. f ) X locations 2 
F2 hybrids x locations 39 
g^'s X locations 14 
g- 's X locations 8 
s^j's X locations 56 
(Par. va. F^) x locations 2 
Entries x years 52 
Parents x years 12 
Males X years 7 
Females x years 4 
(M vs. f) X years 1 
hybrids x years 39 
g^'s X years 7 
g.'s X years 4 
s^j's X years 28 
(Par. vs. F^) x years 1 
Entries x locations x years 104 
Parents x locations x years 24 
Males X locations x years 14 
Females x locations x years 8 
(M vs. f) X locations x years 2 
F^ hybrids x locations x years 78 
g^'s X locations x vears 14 
g 's X locations x years 8 
s^j's X locations x years 56 
(Par. vs. F^) x locations x years 2 
Pooled error 312 
(Coefficient of variation, %) 
*F value exceeds the 5% level of probability 
**F value exceeds the 1% level of probability 
203,458 0.010 0.088 36,672 
158,268 0.012 0.032 40,131 
305,331 0.010 0.131 28,619 
112,295 0.006 0.297 44,668 
132,785 0.011 0.058 64,037 
210,320 0.014 0.087 107,741 
282,422 0.011 0.170 45,121 
92,025 0.011 0.034 55,864 
855,548 0.048 0.110 12,922 
180,558 0.021 0.062 111,801* 
295,435 0.014 0.028 126,187 
470,990 0.015 0.029 164,697 
50,378 0.013 0.021 54,193 
46,772 0.009 0.048 144,596 
149,532 0.023* 0.071 110,177* 
131,665 0.035 0.184* 176,757 
101,800 0.031 0.088 240,913 
160,805 0.019 0.041 74,855* 
12,424 0.029 0.095 2,490 
218,825** 0.013 0.054** 68,207** 
321,611** 0.011 0.059** 83,834** 
306,372** 0.010 0.029 64,489 
401,727** 0.017 0.100** 126,603** 
107,825 0.001 0.103* 48,164 
182,776** 0.014 0.054** 62,775* 
285,639** 0.016 0.032 165,126** 
593,372** 0.010 0.202** 58,095 
98,225 0.014 0.038** 37,856 
396,304 0.004 0.012 92,549 
93,535 0.012 0.024 43,736 
(9.8) (9.4) (5.6) (11.7) 
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locations or years for any character studied. This is in contrast to the 
results of the individual 1963 and 1964 experiments in which the effect 
of locations was observed to be highly significant for all characters. 
The location by year interaction exceeded the one percent probability 
level for both grain yield and number of seeds per head, and the five 
percent level for the weight of 100 seeds. This indicates that for these 
characters, the effect of locations was not consistent from one year to 
the next. The mean squares for differences among hybrids were highly 
significant for all characters except the weight of 100 seeds. When the 
among hybrid component was divided further to evaluate the general and 
specific effects, the mean squares for general combining ability for all 
characters were significant, with the exception of the g^ effects for 
grain yield. In keeping with the individual year results, the grain yield 
mean square for g^ effects was four times as great as for g, effects. 
However, the s^^ effects for grain yield were not significant in the 
combined year analysis, although they had exceeded the one percent 
probability level in both of the individual year analyses. Specific 
combining ability effects for the combined year analysis were found to be 
significant only for the yield component, weight of 100 seeds. 
The single degree of freedom comparisons between the mean of all 
parents and the mean of the hybrids can be interpreted as a measure 
of the extent of heterosis expressed. In no instance were the comparisons 
found to be significant. The lack of significance is due, presumably, 
to the occurrence of only a single degree of freedom in the numerator 
of each F-ratio, and the low level of heterosis (13 percent for grain 
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yield) observed in this study. 
When the interactions of either general or specific combining ability 
effects with locations or with years are examined, only the interaction 
of g^ effects with years for the character weight of 100 seeds shows 
evidence of a significant effect. However, several of the second order 
interactions of general effects with locations and years were highly 
significant, with significance being observed for either the g^ or g^ 
effect for all characters except number of heads per plant. This may be 
interpreted as meaning that the additive effects of the genes affecting 
these characters were not consistent over locations and years, and that 
the additive effects were manifest with considerable specificity for the 
particular location and year in which they are observed. The only 
instance of significance for the interaction of s^^ effects with locations 
and years was for the character weight of 100 seeds. 
1964 experiment 
The mean squares for the 1964 experiment are presented in Table 
42. Highly significant differences in performance were obtained among 
the three locations and among the F^ progeny for all characters. The 
mean squares for g^ effects were more than three times as great as the 
mean squares for g^ effects for grain yield. Significant differences for 
general combining ability effects were obtained for all characters except 
the g^ effect for grain yield. The mean squares for the s^^ effects 
exceeded the one percent probability level for grain yield and 100-seed 
weight, and the five percent level for number of seeds per head. 
Table 42. Mean squares from combined analysis of variance for 1964 experiment 
Source of variation Degrees Number of Number of 
of heads Weight of seeds 
freedom Grain yield per plant 100 seeds per head 
Locations 2 2,422,031** 2.039** 1.105** 2,698,810** 
Replicates jloca cions 3 330,626 0.060 0.047 43,692 
Entries 52 539,638** 0.072** 0.235** 401,826** 
Among parents 12 948,925** 0.117** 0.498** 590,539** 
Among ma les 7 370,635** 0.182** 0.536** 494,721** 
Among females 4 2,198,146** 0.034 0.474** 819,982** 
Males vs. females 1 77 0.001 0.331* 343,497 
Among F_ progeny 39 425,085** 0.060** 0.145** 349,101** 
7 508,684 0.135* 0.258* 697,999** 
«t'a 4 2,140,869** 0.235** 0.508* 1,928,026** 
"ij ' G 28 159,074** 0.016 0.064** 36,316* 
Parents vs. F., progeny 1 95,728 0.024 0.591** 193,544* 
Entries x locations 104 73,885** 0.018* 0.018 31,730 
Parents x locations 24 102,132** 0.029** 0.014 43,252 
Males x locations 14 45,604 0.022 0.014 37,080 
Females x locations 8 122,223* 0.037** 0.013 50,182 
(M vs. f) X locations 2 407,468** 0.041* 0.015 58,729 
F2 progeny x locations 78 66,750* 0.013 0.020 28,798 
g^'s X locations 14 93,072* 0.022* 0.017 45,208* 
gj's X locations 8 143,084 0.017 0.025 55,125* 
s j  ' s  X  l o c a t i o n s  56 49,265 0.011 0.020 20,935 
(Par. vs. Fg) x locations 2 13,163 0.068** 0.003 7,810 
Pooled error 156 48,760 0.013 0.016 29,297 
(Coefficient of variation, %) (7.9) (9.4) (4.4) (10.5) 
*F value exceeds the 5% level of probability. 
**F value exceeds the 1% level of probability. 
75 
The interaction of effects with locations resulted in mean squares 
which surpassed the five percent level of probability for all characters 
except weight of 100 seeds. Only for the character number of seeds per 
head was the interaction of the g^ effects with locations significant. 
Variance Components 
1963 experiment 
Estimates for the variance components for general and specific 
combining ability for all characters in the 1963 experiment are given 
in Table 43. Negative estimates of the variance components arise from 
the random deviation of the effects around zero, and are interpreted as 
being equivalent to zero. An estimate of the relative importance of 
additive and non-additive effects of genes can be obtained from the ratio 
of the components for general and specific effects. Since the g^ and g^ 
effects are orthogonal, they may be added to obtain an estimate of the 
magnitude of general combining ability effects in the population. For 
grain yield, the variance component for g^ effects was nearly six times 
greater than the g^ component, and the sum of the components for general 
combining ability was approximately three times larger than the component 
for specific combining ability. The variance components for both the 
g^ and gj effects by locations terms for grain yield were somewhat larger 
than the component for the effect by locations. 
Examination of the variance components for number of heads per plant 
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Table 43. Variance components for general and specific combining ability 
from the 1963 experiment 
Number of Number of 
Grain heads Weight of seeds 
Component yield per plant 100 seeds per head 
h 
Si 
s 
ij 
s 4,741 0.008 0.018 -21,824 
s 26,470 0.005 0.012 -11,287 
's 12,750 -0.012 0.010 105,070 
s X locations 27,075 0.001 0.003 3,527 
s X locations 32,595 -0.005 0.019 6,322 
's X locations -26,183 0.004 0.012 -618 
and weight of 100 seeds indicates that additive effects of the genes 
governing those characters make a relatively greater contribution to the 
genotypic variance than do the non-additive effects. For all characters, 
combined components for the interaction of general effects with locations 
were larger than the component for specific effects by locations. The 
large variance component for s^^ effects for number of seeds per head 
indicates that the heterotic response for this character contributes 
greatly to the heterotic response noted for grain yield itself. 
1964 F^ experiment 
The variance components for general and specific combining ability 
from the 1964 F^ experiment are listed in Table 44. For grain yield, 
the variance component for g^ effects was eleven times greater than the 
g^ component. In contrast to the 1963 F^ experiment, the variance 
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Table 44. Variance components for general and specific combining ability 
from the 1964 experiment 
Number of Number of 
Grain heads Weight of seeds 
Component yield per plant 100 seeds per head 
gi's 2,340 0.003 0.024 24,696 
g/s 26,139 0.001 0.019 15,634 
=ij ^  39,210 0.000 0.012 11,959 
g^'s X locations 3,553 0.001 0.002 7,643 
gj's X locations 10,287 -0.001 -0.001 -250 
s..'s X locations 
ij 27,435 -0.001 0.001 5,242 
component for s^^ effects was one and one-half times larger than the 
sum of the components for general effects, indicating a large portion of 
the variation in grain yield among the hybrids in 1964 resulted from 
non-additive effects of the genes. The variance component for the inter­
action of s^j effects with locations for grain yield also was of greater 
magnitude than the combined interactions of general effects with loca­
tions. 
Variance components for number of heads per plant and 100-seed weight 
indicate that additive effects of the genes controlling the expression 
of these characters contributed more to the genotypic variance than did 
the non-additive effects. The variance components for the interaction 
terms for these characters were very small, making it difficult to draw 
conclusions about the relationships between the various interaction 
effects. For the character number of seeds per head the variance 
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component for effects was approximately 50 percent larger than the 
component for g^ effects. However, the sum of the components for general 
effects was more than three times greater than the component for the s.. 
^ J 
effects, which is in sharp contrast to the results obtained for this 
character in the 1963 experiment (Table 43). It was also observed 
for this character that even thou^ the combined variance components for 
general effects per se were three times as great as the specific effects 
the interaction of the combined general effects with locations was only 
slightly greater than the component for the interaction of s^^ effects 
with locations. 
1963-1964 combined experiment 
Estimates of the variance components for general and specific 
combining ability from the 1963 and 1964 combined F^ experiment are 
presented in Table 45. The data for grain yield indicate that the 
variance component for g^ effects was more than three times greater than 
the component for g^ effects, and that the sum of the components for 
general effects was three times larger than the component for specific 
effects. For the yield data combined over years and locations, the 
variance components for the interactions of general and specific effects 
with either locations or years were small. However, the variance 
components for the higher order interactions which include both the 
location and year effects were of considerable magnitude, and again the 
interactions which included general effects were markedly greater than 
the one which estimated the specific effects. These results suggest 
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Table 45. Variance components for general and specific combining ability 
from the 1963 and 1964 combined experiments 
Component 
Grain 
yield 
Number of 
heads 
per plant 
Weight of 
100 seeds 
Number of 
seeds 
per head 
gi's 10,769 0.005 0.016 36,440 
37,855 0.002 0.018 23,585 
15,418 0.001 0.010 1,630 
g^'s X locations 144 0.000 0.003 -3,769 
gj's X locations -9,523 0.000 -0.009 -968 
s..'s X locations 
1] 
-1,550 -0.001 -0.001 4,501 
g^'s X years -7,218 0.000 0.005 -845 
gj's X years -11,544 0.000 -0.002 3,037 
s. .'s X years 
ij 1,043 0.001 
0.000 6,333 
g^'s X locations x years 18,741 0.000 -0.001 12,727 
g.'s X locations x years 30,946 0.000 0.010 1,264 
s..'s X locations x years 
1] 
2,344 0.001 0.007 -2,940 
that estimates obtained from a given year and location combination are 
an expression of conditions manifest explicitly in that year and location 
and interpretations should be made in that context. 
For number of heads per plant, the combined variance components for 
general effects were appreciably larger than the component for specific 
effects. All interactions of general and specific effects with either 
locations or years gave variance components which were negligible, 
indicating that number of heads per plant is controlled mostly by the 
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additive effects of genes that are stable over both locations and years. 
The variance components for 100-seed weight indicate that general effects 
were more important than specific effects. Variance components for the 
various interactions of general and specific effects were small, except 
for the interactions of g^, and s^^. effects with locations and years. 
A comparison of the variance components for number of seeds per head 
again reveals a markedly larger component for general than for specific 
effects. All variance components for the first order interactions of 
general effects with locations and with years were small, but the com­
ponents for the interactions of specific effects with locations and with 
years were considerably larger. The components for the second order 
interactions of general effects with locations and years were consider­
ably larger than the component for the interaction of specific effects 
with locations and years. 
1964 F2 experiment 
The estimates of the variance components for general and specific 
combining ability from the 1964 experiment are tabulated in Table 46. 
It would be expected that the variance components for general effects 
should be larger in the F^ than in the F^ generation due to the dispersal 
of the dominance effects of the genes, while the specific effects in 
the F^ should be comparatively smaller. A comparison of the variance 
components for grain yield in Tables 44 and 46 supports this expectation, 
with the general effects being appreciably larger in the F^ progeny than 
in the F^ hybrids, while the component for specific effects was decidedly 
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Table 46. Variance components for general and specific combining ability 
from the 1964 experiment 
Component 
Grain 
yield 
Number of 
heads 
per plant 
Weight of 
100 seeds 
Number of 
seeds 
per head 
% ' 
: 
g^'s X locations 
gj's X locations 
's X locations 
10,193 
39,332 
18,301 
4,380 
5,863 
252 
0.004 
0.004 
0.001 
0.002 
0.001 
-0.001 
0.006 
0.009 
0.007 
0.000 
0.001 
0.002 
21,246 
38,698 
2,563 
2,427 
2,136 
-4,181 
smaller. For grain yield in the F^ generation, the variance component 
for gj effects is four times greater than the component for g^ effects. 
The sum of the variance components for general effects was nearly three 
times greater than the component for specific effects. The variance 
components for the interactions with locations generally were small in 
comparison with the main effects, with those for general effects being 
considerably greater than the component for specific effects. When.the 
variance components for the interaction of g^, g^ and s^^ effects with 
locations are compared with those obtained from the 1964 F^ experiment 
for grain yield, they were found to be smaller in magnitude. 
For number of heads per plant and weight of 100 seeds, the variance 
components for general effects were larger than those for specific 
effects, and the comparative magnitude of the general in relation to the 
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specific effects was greater than in 1964 experiment (Table 44). The 
variance components for the interaction terms for these two characters 
are small, making it difficult to give a clear-cut interpretation of 
relative effects of these components. 
Evaluation of the variance components for number of seeds per head 
indicates that general effects are of greater importance for this charac­
ter than specific effects. An increase in magnitude of the combined 
variance components for general effects for the experiment over those 
reported for the F^ experiment was noted and a decrease in the magnitude 
of the F^ component for specific effects was obtained. As was noted for 
the other characters, all components for the interaction terms were 
relatively small. 
Covariances Between Relatives 
Estimates of the additive, dominance and genotypic variances obtained 
from the covariances between half and full-sibs are presented in Table 
47. These estimates were obtained in accordance with procedures described 
in the methods section using the 1963-1964 combined F^ experiment. For 
grain yield, the additive genetic variance was considerably larger than 
the dominance variance, and accounted for 61 percent of the total geno­
typic variance. For all components of grain yield, the additive genetic 
variance also was larger than the dominance variance. The most striking 
comparison was for number of seeds per head, with 95 percent of the 
genotypic variance attributable to additive gene action. 
A second estimate of the additive genetic variance was obtained from 
Table 47. Covariances between relatives and estimates of the components of genotypic variance for 
grain yield and its components from the 1963 and 1964 combined experiments 
Character Gov (HS) Gov (FS) ^2 4 
.2 
.2 
OA 
-A 
.2 
^G 
Grain yield 24,312 64,043 97,250 61,673 158,923 0.63 0.61 
Number of heads 0.004 0.008 0. 016 0 0. 016 0 — — 
per plant 
Weight of 0.017 0.044 0. 068 0.040 0. 108 0.59 0.63 
100 seeds 
Number of seeds 30,013 61,657 120,053 6,521 126,575 0.05 0.95 
per head 
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Table 48. Covariances between parent-offspring and estimates of additive 
genetic variance for grain yield and its components from the 
1964 experiments 
Grain Number of Weight of Number of 
yield heads 100 seeds seeds 
per plant per head 
Gov (PO) 56,559 0.006 0.028 48,881 
^2 113,118 0.012 0.056 97,763 
the covariances between the parents an'l the offspring. These estimates 
are shown in Table 48, and it was observed that they were reasonably 
consistent with those presented for the additive genetic variance in 
Table 47. 
Comparisons of the estimates for the components of genotypic variance 
in the 1964 and experiments can be made from Table 49. The 
additive genetic variance was greater among the F^ progeny than in the 
corresponding F^ hybrid for the characters grain yield and number of 
heads per plant, but the reverse was true for the other two components of 
yield. In comparison,the dominance variance was smaller in the F^ as 
compared with the F^ generation for all characters except number of heads 
per plant, where both estimates indicated essentially no variance. The 
total genotypic variance was greater in the F^ hybrid than among the F^ 
progeny for all characters except number of heads per plant. The ratio 
of additive genetic variance to the total genotypic variance, shown in 
the right hand column of the table, was larger for the F^ progeny than 
for the F- hybrids for the characters grain yield and the number of seeds 
Table 49. Covariances between relatives and estimates of the components of genotypic variance for 
grain yield and its components from the 1964 and Fg experiments 
Character Gov (HS) Gov (FS) 4 ^2 ^2 
^2 
^2 
^2 
^2 
Grain yield 
hybrids^ 
F2 progeny 
14,239 
24,763 
67,689 
67,827 
56,959 
66,035 
156,841 
32,535 
213,800 
98,870 
2.75 
0.49 
0.27 
0.67 
Number of heads 
per plant 
Fj^ hybrids^ 
F2 progeny 
0.002 
0.004 
0.004 
0.009 
0. 
0. 
008 
Oil 
0 
0. 002 
0. 
0. 
008 
013 
0 
0.18 
1.00 
0.85 
Weight of 
100 seeds 
F^ hybrids^ 
F2 progeny 
0.022 
0.008 
0.055 
0.022 
0. 
0. 
088 
021 
0. 
0. 
044 
Oil 
0. 
0. 
132 
032 
0.50 
0.52 
0.67 
0.40 
Number of seeds 
per head 
Fj^ hybrids^ 
F2 progeny 
20,165 
29,972 
52, 
62, 
290 
508 
80,660 
79,927 
47,838 
4,557 
128,499 
84,484 
0.59 
0.06 
0.63 
0.95 
^Coefficient of inbreeding = 0.5. 
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per head, but the comparison among generations was reversed for the other 
two characters. 
Correlations Between Grain Yield and its Components 
The simple correlation coefficients for the association of grain 
yield with its components are listed in Table 50. The phenotypic correla­
tion coefficients are presented for the male parents, female parents and 
hybrid progeny. The coefficients for the g^ and g^ effects are correla­
tions between the additive effects of the genes for the two characters. 
Therefore, they are genetic correlations as defined by Kempthorne (1957). 
All coefficients for the association of grain yield with number of heads 
per plant were negative, and generally quite high in absolute value. The 
phenotypic coefficients among the parents were larger in magnitude than 
the genetic correlations for the g^ and g^ effects, except for the g^ 
effects from the 1964 experiment. None of the coefficients for the g^ 
or g^ effects was significant for this association; however, they were 
greater in absolute value for the Progeny than for the F^^ hybrids. 
For the association of grain yield with 100-seed weight only two 
instances of significance were obtained among the 20 comparisons made. 
Generally, all coefficients were positive, except for the correlations 
for the g^ effects which were negative but very near zero. In every 
instance, the phenotypic coefficients for the male parents were larger 
than the genetic coefficients for the g^ effects. However, in two 
instances, the 1964 F^ experiment and the 1963-1964 combined F^ experiment, 
the coefficients for the g. effects were larger than those for the female 
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Table 50. Phenotypic and genetic correlation coefficients between grain 
yield and its components for and experiments 
Phenotypic coefficients for Genetic 
Characters correlated Male 
parents 
Female 
parents Hybrids 
coefficients for 
Si': Sj'» 
Grain yield vs. number 
of heads per plant 
1963 experiment 
1964 F^ experiment 
-0.73* 
-0.83** 
-0.68 
-0.94* 
-0.45** 
-0.13 
-0.41 
-0.48 
-0.63 
-0.23 
1963-1964 Fj^ experiment -0.83** -0.98** -0.42** -0.57 -0.45 
1964 F2 experiment -0.93** -0.72 -0.56** -0.66 -0.86 
Grain yield vs. weight 
of 100 seeds 
1963 F^ experiment 
1964 F^ experiment 
0.14 
0.67 
0.30 
0.57 
0.25 
0.37* 
-0.05 
-0.03 
0.23 
0.70 
1963-1964 F^ experiment 0.40 0.43 0.38* -0.01 0.50 
1964 F^ experiment 0.32 0.56 0.08 -0.03 -0.10 
Grain yield vs. number 
of seeds per head 
1963 F^ experiment 
1964 F^ experiment 
0.80* 
0.71 
0.82 
0.98** 
0.57** 
0.58** 
-0.16 
0.76* 
0.18 
0.41 
1963-1964 F^ experiment 0.80* 0.93* 0.56** 0.71* 0.59 
1964 F2 experiment 0.85** 0.94* 0.82** 0.96** 0,91* 
(Degrees of freedom) (5) (3) (38) (6) (3) 
*Reject Ho:p =0 at 5% level of probability. 
**Reject Ho:p =0 at 1% level of probability. 
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parents. 
In general, the correlation coefficients for the association of grain 
yield and number of seeds per head were positive and quite large. The 
coefficients for the parents were significantly different from zero in 
six of the eight comparisons, while all of the values for the hybrids 
were significant at the one percent probability level. The phenotypic 
coefficients for the male parents were smaller than the genetic correla­
tions for gj, effects when measured in the 1964 and experiments. The 
genetic correlation coefficients for the g^ effects were smaller in all 
comparisons than the phenotypic coefficients for female parents. The 
correlation coefficients for the 1964 F^ experiment were larger than those 
for the F^ experiments, except for the female parent comparisons, with 
the greatest difference being observed for the g^ and g^ effects. In 
general, the data indicate that seed weight is of little importance in 
the expression of yield, and further, that plants bearing one large head 
with many seeds and no tillers appear to have the greatest yield potential. 
Correlations Between F^ Hybrids and their F^ Progeny 
The simple phenotypic correlation coefficients for the association 
between F^ hybrids and their F2 progeny are shown in Table 51. All 
correlations were positive and significant at the one percent level 
except for the number of heads per plant at Sutherland. Correlation 
coefficients were largest for number of seeds per head and the lowest 
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Table 51. Simple phenotypic correlation coefficients between hybrids 
and their progeny grown at three locations in 1964 
Character Ames Castana Sutherland 
Combined over 
three locations 
Grain yield 0.37** 0.54** 0.29** 0.39** 
Number of heads per plant 0.32** 0.47** 0.22* 0.27** 
Weight of 100 seeds 0.40** 0.57** 0.68** 0.55** 
Number of seeds per head 0.54** 0.63** 0.54** 0.57** 
(Degrees of freedom) (78) (78) (78) (234) 
^Reject Ho:p = 0 at 5% level of probability. 
**Reject Ho:p = 0 at 1% level of probability. 
for number of heads per plant. All the coefficients were of moderate 
magnitude, indicating that the performance should be of some value 
in determining relative performance of F^ progenies. However, most of 
the coefficients were not sufficiently high to be used for precise 
prediction. 
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DISCUSSION 
Estimation of the magnitude of general and specific combining 
ability in crosses among inbred lines of grain sorghum requires the 
acceptance of several basic premises. For the interpretation of the 
results presented, it was assumed that differences in general combining 
ability resulted primarily from differences in the additive effects of 
genes, and that differences in specific combining ability were due to 
differences in the non-additive effects of genes. Kempthorne (1956) has 
shown that ignoring epistacy in the estimation of genotypic components 
places severe restrictions on the interpretation of any estimates obtained. 
The model used in this study did not take epistacy into account, thus 
biasing the results presented to an unknown extent. It can be assumed 
in relation to the data presented, that the effects of epistacy were small 
since the mean of the progeny was smaller than the mean of the F^^ 
hybrid for all characters except number of heads per plant. 
Kempthorne also pointed out that estimates of the effects of genes 
from a diallel analysis have relevance only to some particular population 
from which a sample of inbred lines has been drawn at random. The assump­
tion of the random selection of lines to be used in the set of crosses 
is one which is most difficult to realize. In the purest sense, the 
lines used in this study were not a random sample drawn from some specified 
population. They were selected, however, as a representative sample of 
a population of inbred lines used in the sorghum breeding program at the 
Iowa Agricultural Experiment Station. Assuming that the differences 
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between the lines used in this study were random differences allows 
inferences to be made to some specified population, and therefore variance 
components and intraclass correlation techniques may be utilized. The 
attainment of a set of random lines in the purest sense from a hetero­
geneous source population and the making of all possible intercrossing, 
among them would be most difficult and time consuming in sorghum, and 
beyond the scope of a thesis research program. 
Estimates of the relative contribution of general and specific 
combining ability effects to the genetic variability present in a popula­
tion are of interest to plant breeders and may be useful in several ways. 
Breeding methods most appropriate for specific objectives may differ 
appreciably depending upon the type of gene action assumed. If the action 
of genes controlling a particular trait is primarily the additive type, 
lines to be used in a hybrid breeding program should first be selected 
on the basis of their general combining ability. Lines that survived a 
screening for general combining ability then would be evaluated on the 
basis of their performance in specific hybrid combinations. If on the 
other hand, specific combining ability effects are determined to be of 
greatest importance in the population under test, the sorghum breeder 
will need to be concerned with making critical evaluations for these 
specific effects in the initial stages of selection. 
The presence of significant differences among the lines evaluated 
in this study for general and specific combining ability effects was 
established through use of the analysis of variance procedures. All 
variance analysis tables presented portray the combined effects over 
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either three locations or over three locations and two years. One of the 
underlying assumptions of the analysis of variance is homogeniety of the 
error variances. The combination of experiments into a single analysis 
is valid only when all experiments have error variances that are homo­
geneous. When this condition is met, the sets of experiments may be 
considered as random samples drawn from the same population, and all the -
pooled error terms for each character are applicable to all analyses 
involving that character. A "Bartlett's" test for homogeneity of error 
variances for each character was applied to all individual and combined 
experiments and it was determined that all error variances were homo­
geneous, except for the character number of heads per plant. The failure 
of the error variances to be homogeneous negates tests of hypothesis as 
they relate to the combined results, however it has no effect on the 
estimation of individual parameters. 
Many of the tests of hypothesis made in the analysis of variance 
table were difficult to achieve and interpret precisely as can be seen 
by examination of the expectations of the mean squares in Tables 3 and 
5. For example, an examination of Table 5 reveals that the appropriate 
numerator of the F-ratio for testing the g^'s by locations interaction 
would be the sum of the mean squares for g^'s by locations and s^^'s by 
locations and years. Clearly the denominator would be the sum of the 
mean squares for s^^'s by locations and g^'s by locations and years. The 
appropriate degrees of freedom for the numerator and denominator for 
comparisons in the F-table would be 14 and 14 respectively. Similar 
linear combinations were formed to test the various sources of variation. 
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The F-tests that were used lacked power, but it was felt that they were 
sufficient for the purposes of this study, since the relative magnitude 
of individual variance components was of greater interest than the actual 
tests for significance. 
Estimates of the relative importance of general and specific combining 
ability in the population studied were obtained from comparisons of the 
variance components. The best unbiased estimates were obtained from the 
analysis of the 1963-1964 combined experiment and were presented in 
Table 45. Estimates of the variance components for g^, g^ and s^^ effects 
obtained from experiments grown only ovei locations in a specific year 
would be of lesser value than those presented for the combined years 
results as they would contain an effect due to years which cannot be 
partitioned by analysis of variance techniques. Sprague and Tatum (1942) 
and Rojas and Sprague (1952) found that the variance for specific combin­
ing ability became of relatively greater importance than the general 
combining ability effects when the lines under test had been subjected to 
previous testing and selection. The lines used in this study were all 
highly selecLed and are used commonly in various hybrid combinations of 
grain sorghum throughout the sorghum growing regions of the United States. 
One might expect, therefore, that the specific combining ability portion 
of the genotypic variance would be expressed to a high degree in the 
population evaluated. On the other hand, the lines used in this study 
do not, by any means, represent the complete range of morphologic or 
genetic types available in the grain sorghums and were presumably somewhat 
similar genetically. When the lines used are considered in this context. 
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it seems reasonable to conclude that they may lack the genetic diversity 
needed to give an extremely high specific response. 
Previous studies by Kambal (1962), Whitehead (1962) and Niehaus 
(1964) indicated that both general and specific combining ability were 
important in the expression of grain yield in sorghum, and that general 
effects usually were greater than the specific effects for combining 
ability. The results of this study are in general agreement with these 
conclusions. Both general and specific combining ability effects were 
found to be of importance in the expression of grain yield in sorghum 
hybrids, with the contribution to the total genotypic variance approxi­
mately three times greater for general effects than it was for specific 
effects. The results presented indicate that in selecting lines from 
this population for use in hybrid combination, greatest progress could 
be made by first selecting on the basis of general combining ability. 
After the general combining ability of the lines has been determined 
further selection among the lines should be guided by evaluations for 
specific combining ability, 
Kambal (1962) reported that the variance component for g^ effects 
for grain yield was larger than the variance component for g^ effects. 
He attributed this to the high level of genetic diversity among the R 
lines used in his study. In contrast, analyses of the experiments 
conducted for this dissertation indicated that for grain yield the 
variance components for g^ effects were consistently larger than the 
components for the g^ effects. This presumably was due to the fact that 
the A lines used in this study represented a wider range of genotypes 
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than the R lines. Examination of the mean squares for the comparisons 
among female and male parents (Table 41) supports this contention. Sig­
nificant differences were noted among the female parents at the one 
percent probability level for the combined year analyses, while the dif­
ferences observed among the male parents did not exceed the probability 
level commonly accepted as a measure of significance. 
For the components of yield, general combining ability, likewise, 
was determined to be of greater importance than specific combining ability. 
Therefore, when selecting for any of these characters, breeding procedures 
which emphasize selection for the additive portion of the genotypic variance 
appear to have the highest probability of success. 
The estimates of the variance components for general and specific 
2 2 2 
combining ability were used to obtain estimates of o^, and under 
the assumption of no epistacy. It also was assumed that the parents were 
not directly related, and a value of 0 was used for F, the coefficient 
2 2 
of inbreeding, when and were calculated from the covariances 
between relatives in the F^ experiments. The F^ hybrids were selfed 
to obtain F^ progeny, and theoretically the probability that any two 
alleles at a given locus are alike by descent would be one-half. There-
2 2 
fore, when and were estimated in the F^ progeny, a value of 0.5 
was used for the coefficient of inbreeding. It is realized, however, 
that the assumption that all parents used were completely unrelated 
cannot be made with complete certainty. The precise history of develop­
ment and parentage for all the lines used is not clearly recorded, but 
most of the lines stem originally from some combination of kafir and milo 
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parents. It is safe to say that each of the lines was directly descendant 
from different parental combinations or populations. With this limita­
tion the values used for the coefficients of inbreeding may result in an 
underestimation of the values for the assumed population from which 
2 2 2 
these lines were drawn. The estimates of cr^, and OQ that were obtained 
using values of 0 and 0.5 for the coefficients of inbreeding should be 
interpreted, therefore, as maximum estimates of the true population param­
eters. 
For the combined experiment (Table 47), estimates of the additive 
genetic variance were always larger than those for the dominance variance. 
The results for the estimation of the additive genetic variance presented 
in Table 48 from the covariance between parent and offspring were 
comparable in magnitude to those obtained from sibling relationships. 
The similarity of results obtained by the two procedures lends support 
to the accuracy of the estimates for this component of the genotypic 
variance. 
2 2 
A comparison of the estimates for cr^ and in the F^ and F^ 
generations is of interest since the relative values for the two genera­
tions should serve as an indication of shifts in the effects of genes 
due to inbreeding. Changes in the relative values also would shift the 
regression of the effects of genes on the coded genotypic values. The 
2 
failure of the estimates for cr^ to increase in the F g progeny over those 
observed for the F^ hybrids was presumably due to an effect of years 
which could not be partitioned in this analysis. However, the anticipated 
decrease in magnitude of the dominance variance was observed in the F^ 
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progeny. 
An estimate of the stability of genotypes over a series of environ­
ments is important when the breeder attempts to interpret the results of 
his experimentation and determine if they are applicable to more than 
one environment. A non-significant genotype by environment interaction 
indicates that the genotypes under test reacted in a similar manner in 
all environments in which they were tested. If the genotype by environ­
ment interaction is significant, one interprets this as evidence that 
all or part of the genotypes are highly reactive to the different environ­
ments and that they vary markedly, therefore, in the expression of 
specific characters. The results presented by Kambal (1962) were obtained 
from a two year study at only one location. From his analyses, he con­
cluded that the variances for general combining ability were more stable 
over years than those for specific effects. In contrast, the study 
reported here was grown at three locations in two successive years , and 
the variance components listed previously indicate that the variances for 
specific combining ability effects were more stable over environments 
than were the variances for general effects. Since the variance components 
shown for the lower order interactions of genetic effects with locations 
and with years were small, it is difficult to make a critical evaluation 
of the relative importance of year and location effects. However, it 
appears that the interactions of genetic effects with years were consider­
ably more pronounced than those with locations. 
The results presented herein for grain yield and its components 
indicate that when the hybrids were tested at more than one location in 
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several years the interactions with locations and years were more pro­
nounced than were the first order interactions with either locations or 
years. When the characters were analyzed only over three locations in 
one year, several instances of significance for the interactions of 
general and specific effects with locations were observed. However, 
partitioning of the components for both locations and years in a single 
analysis of variance indicates that the expressions for general and 
specific combining ability effects are unique for the particular location 
and year in which they were observed. 
When the variance components for grain yield and its components were 
studied, the components for the g^, and s^^ by location interactions 
were smaller when measured in the progeny than when determined from 
the hybrids grown in the same year. This relationship indicates that 
the F^ progeny gave a more stable expression over varying environments, 
for the traits measured, than did the F^ hybrids. These observations 
are in harmony with expectations since the F^ progeny would be segregat­
ing for genes controlling the expression of any given trait and should 
be expected to exhibit greater homeostasis than the F^^ population. 
Yield is generally considered to be complex in its inheritance and 
low in heritability. The primary components of grain yield may be less 
complex in inheritance and the heritability of the components appears 
to be somewhat greater than for yield per se. Thus, further discussion 
of the inter-relationships of grain yield and its components as expressed 
in this investigation seems appropriate. The results presented in Table 
50 indicate that the number of seeds per head is positively and signifi­
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cantly correlated with grain yield. The high correlations presented 
in Table 51 between the hybrids and progeny indicate that this 
character is highly heritable. In addition, the high ratio of 
— , shown for this trait in Table 47 means that a major portion of the 
genotypic variance is of the additive type. It appears therefore, that 
the sorghum breeder should be able to make significant progress in 
selecting for grain yield by screening the segregating lines from hybrid 
combinations on the basis of the number of seeds per head. 
The negative correlation between grain yield and the number of 
heads per plant indicates that in selecting for high yield, lines which 
produce a single large head born on the main stalk should be favored. 
This conclusion was drawn from the analysis of data taken on plots that 
were thinned to a spacing of three inches between plants. Though this 
spacing is in harmony with common production practices in this area, 
it may not allow maximum expression for this trait. If the plots had 
been thinned to a wider spacing, a much broader range in tiller counts 
would have been expected, and the correlations might have been different 
from those reported in Table 50 since profuse tillering is usually at 
the expense of head size. The coefficients for the correlation between 
grain yield and 100-seed weight were generally positive and small in 
magnitude. Thus, selection on the basis of seed size does not appear 
to be an effective method for obtaining lines with high yield potential. 
Whitehead (1962) and Niehaus (1954) reported that the heterotic 
response obtained for number of seeds per head was responsible for most 
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of the heterosis observed for grain yield. This same conclusion could 
be drawn from a comparison of the variance components for this character 
presented for the 1963 experiment (Table 43). However, when the data 
were combined over three locations and two years (Table 45), the 
variance component for the s^^ effect for seeds per head was very small 
in comparison with the components for the general effects. A possible 
explanation of this is that both the study by Whitehead and the one by 
Niehaus were conducted at only one location in two years. As mentioned 
previously, this does not permit the partitioning of a location effect 
which may have been appreciable in their studies. 
The results presented indicate that the additive effects of genes 
controlling the characters measured were of greater importance than non-
additive effects. It was concluded that the selection of inbred lines to 
be used in a breeding program directed toward the development of hybrid 
grain sorghums should first be on the basis of the general combining 
ability of the lines. When the means for each of the parents used in 
this study were correlated with the respective mean of all their 
hybrid progeny, the correlation coefficients for all characters were 
above 0.99. These results are, to say the least, most striking, and 
should be interpreted in context with the relatively small number of 
values correlated for each character. However, the extremely high coef­
ficients for all four characters certainly point to the conclusion that 
inbred lines of sorghum could be selected very effectively for their 
general combining ability in hybrid combinations purely on the basis of 
their performance as inbred lines. All R lines surviving the selection 
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for general combining ability could be tested for specific combining 
ability in later generations by crossing them with several of the 
common A lines that demonstrate good general combining ability. 
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SUMMARY 
The variation among hybrids of grain sorghum obtained by crossing 
each of five male-sterile (A) lines to eight pollen fertility restoring 
(R) lines was analyzed to obtain estimates of the relative magnitude of 
general and specific combining ability effects. The hybrids together 
with their parents were grown at three locations in each of two years to 
evaluate the consistency of the estimates over several environments. 
Some plants of each of the Fj^ hybrids were selfed to obtain seed for 
planting a separate F^ progeny experiment at three locations in one year. 
Data were recorded for each plot of the F^ and F^ experiments for grain 
yield, and the primary components of grain yield; number of heads per 
plant, weight of 100 seeds and number of seeds per head. 
A linear model was assumed for the analyses which included an effect 
due to the general combining ability of an A line, an effect due to the 
general combining ability of an R line, plus a specific combining ability 
effect which is the interaction of the general combining ability effects. 
The parents were considered to be a random sample of the inbred lines 
used in the grain sorghum breeding program of the Iowa Agricultural 
Experiment Station. Estimates were obtained for the parameters in the 
model by use of the least squares procedure and the sums of squares and 
the expectation of the mean squares were presented. The expectation of 
the mean squares were also written in terms of half and full-sib rela­
tionships. The components of the genotypic variance were obtained under 
the assumption of no epistasis. 
The means of the F, hybrids, averaged over the three locations and 
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two years, were consistently larger than the mean of the parents except 
for the character number of heads per plant. The greatest heterotic 
response was noted for grain yield with the mean of the hybrids dis­
playing a 13 percent increase over the mean of the parents. The means 
of the Fg progeny were smaller than those of the F^^ hybrids for all 
characters except the number of heads per plant. It was concluded, 
therefore, that the effects of epistasis were minimal. Values for the 
general response of the parental lines as expressed in hybrid combinations 
indicated that Redlan and Texas 7078 are parents with exceptionally good 
general combining ability, and they would be expected to perform well 
when included in most hybrid combinations. Caprock and Kafir 60 demon­
strated above average general combining ability while Martin and Redbine 
60 were only mediocre. The data indicate that Reliance and Norghum are 
parents that are particularly poor general combiners. 
Significant differences among general combining ability effects of 
the lines were noted in the variance analyses for all characters studied, 
while the only character which demonstrated significant differences among 
specific combining ability effects was the weight of 100 seeds. The lower 
order interactions of general and specific combining ability with years 
or with locations generally were not significant. A number of instances 
of significance were noted for the interactions of general combining 
ability with the combined effect of locations and years. This indicates 
that estimates of the general combining ability effects in this popula­
tion are applicable generally to the location and year in which they are 
observed. 
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Evaluation of the variance components for the 1963-1964 combined 
experiment also revealed that for all characters studied, the variances 
for general combining ability were greater than the variances for specific 
combining ability. Since general combining ability effects were shown 
to be more pronounced than the specific effects in this population, it 
was concluded that in the selection of lines for use in hybrid combination, 
selection should first be on the basis of general combining ability. When 
the variance components for the hybrids were compared with those for 
the F2 progeny, it was observed that the variances for general effects 
were slightly larger in the F^ progeny. This relationship was attributed 
to a dispersal of the dominance effects of genes in the F^ generation. 
Estimates of the components of genotypic variance obtained from the 
covariances between relatives indicated that the estimates of additive 
genetic variance were larger than the estimates of the dominance variance. 
When the additive genetic variances were estimated from the covariances 
between parent and offspring, they were observed to be similar in magni­
tude to those obtained from sibling relationships. All estimates of the 
genotypic variance were obtained using the assumption that there was no 
epistasis and that all parents were unrelated. 
The correlations presented for the associations between grain yield 
and its components indicated that selection for types that produce a 
single large head on the main stalk should be more effective in attaining 
high grain yield than selecting for types that tiller profusely but do 
so at the expense of head size. A high correlation between performance 
in the F^^ hybrid and in the F^ progeny was obtained for number of seeds 
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per head, indicating that this character is highly heritable. The high 
genetic correlation between grain yield and number of seeds per head 
provided additional support for the premise that selection of types from 
this population which produce plants with a large number of seeds on a 
single head would be an efficient method for attaining lines or hybrids 
with high yield potential. 
Correlations between the means for each of the parents and the 
respective mean of all their hybrids were extremely high for all 
characters studied. The conclusiveness of this relationship is limited 
somewhat by the small numbers of comparisons from which the correlations 
were determined, but the high coefficients obtained for all characters 
suggest that the lines used in this study could have been selected very 
effectively for their general combining ability in hybrid combinations 
purely on the basis of their performance as inbred lines. 
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APPENDIX 
Table 52. Mean grain yield in grams of hybrids and their parents grown at Ames, Iowa in 1963 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 West land RedIan crossed to females male parents 
Norghum 2445 2869 2950 3012 3279 2911 2148 
Texas 7078 3206 3026 3715 3295 3874 3423 2998 
Texas 04 3254 3406 3288 3277 3686 3382 4936 
Texas 07 3170 3332 3720 3364 4012 3520 3252 
Texas 74 2794 3629 3719 3238 3887 3454 3194 
Redbine 60 3080 3488 3790 3356 4288 3600 3073 
Plainsman 3220 3228 3137 2876 3264 3152 2966 
Caprock 3500 3796 4034 3558 3977 3773 3846 
Mean of females 
crossed to males 
3084 3347 3549 3247 3783 3402* 
Mean of female 
parents 
1890 3116 3343 3238 4148 3242^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 53. Mean number of heads per plant of hybrids and their parents grown at Ames, Iowa in 1963 
Females Mean of ma les Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 1.52 1.47 1.28 1.34 1.16 1.35 1.70 
Texas 7078 1.38 1.11 1.19 
00 
1.09 1.19 1.23 
Texas 04 1.10 1.07 1.02 1.04 1.04 1.05 1.03 
Texas 07 1.13 1.06 1.14 1.10 1.10 1.11 1.04 
Texas 74 1.32 1.07 1.06 1.01 1.07 1.11 1.16 
Redbine 60 1.21 1.08 1.04 1.10 1.07 1.10 1.04 
Plainsman 1.10 1.02 1.19 1.05 1.10 1.09 1.16 
Caprock 1.12 1.14 1.08 1.15 1.10 1.12 1.14 
Mean of females 
crossed to males 
1.23 1.13 1.12 1.20 1.09 1.14* 
Mean of female 
parents 
1.17 1.05 1.18 1.27 1.07 1.17^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 54. Mean weight of 100 seeds in grams of F, hybrids and their parents grown at Ames, Iowa in 
1963 
Females Mean of ma les Mean of 
Ma les Reliance Martin Kafir 60 Weetland Redlan crossed to females male parents 
Norghum 2.79 2.95 2.96 2.80 3.05 2.91 2.37 
Texas 7078 2.86 2.17 2.60 2.47 2.73 2.56 2.28 
Texas 04 2.65 2.49 2.68 2.42 3.15 2.67 2.52 
Texas 07 2.65 2.56 2.72 2.26 2.80 2.60 2.57 
Texas 74 2.44 3.22 2.29 3.02 3.07 2.80 2.68 
Redbine 60 2.86 2.89 2.88 2.53 3.11 2.85 2.72 
Plainsman 2.69 2.40 2.59 2.10 2.35 2.42 2.30 
Caprock 2.81 2.57 2.67 2.30 2.84 2.64 2.38 
Mean of females 
crossed to males 
2.72 2.65 2.67 2.48 2.88 2.68* 
Mean of female 
parents 
2.65 2.59 2.88 2.56 3.61 2.62^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 55. Mean number of seeds per head of hybrids and their parents grown at Ames, Iowa in 1963 
Females Mean of males Mean of 
Mean Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 896 1270 1410 1286 1474 1267 892 
Texas 7078 1574 2163 2182 2044 2276 2048 1977 
Texas 04 2034 2202 2126 2246 1968 2115 2099 
Texas 07 1846 1983 2090 2244 2352 2103 2138 
Texas 74 1576 1978 2380 1860 2296 2018 1670 
Redbine 60 1562 1918 2124 2122 2246 1994 2051 
Plainsman 1962 2184 1930 2180 2240 2099 1914 
Caprock 2041 2490 2422 2424 2595 2394 2377 
Mean of females 
crossed to males 
1686 2024 2083 2051 2181 2005^ 
Mean of female 
parents 
1088 1954 1774 1862 1968 1828^ 
^Mean of all F^^ hybrids. 
Mean of all parents. 
Table 56. Mean grain yield in grams of F^ hybrids and their parents grown at Castana , Iowa in 1963 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 VJestland Redlan crossed to females male parents 
Norghum 2890 3728 3810 3735 4234 3689 2191 
Texas 7078 3969 3883 3974 3634 3082 3708 3025 
Texas 04 3679 3456 3801 3392 4346 3735 3282 
Texas 07 3536 3849 3458 3370 4430 3729 3052 
Texas 74 3059 4090 3901 3518 4076 3729 3016 
Redbine 60 3427 3934 3803 3250 3371 3557 3311 
Plainsman 3408 3277 3506 3012 3550 3351 3391 
Caprock 3075 4034 4307 3684 2872 3594 4198 
Mean of females 
croftsed to males 
3380 3781 3820 3450 3745 3635* 
Mean of female 
parents 
1908 3293 2730 3032 2842 3021^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 57. Mean number of heads per plant of F, hybrids and their parents grown at Castana, Iowa in 
1963 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 West land Redlan crossed to females male parents 
Norghum 1.81 1.26 1.44 1.33 1.29 1.42 1.43 
Texas 7078 1.34 1.22 1.20 1.18 1.12 1.21 1-12 
Texas 04 1.44 1.08 1.10 1.00 1.04 1.13 1.06 
Texas 07 1.12 1.07 1.14 1.08 1.31 1.14 1,08 
Texas 74 1.34 1.08 1.12 1.02 1.20 1.15 1.04 
Redbine 60 1.33 1.21 1.16 1.00 1.16 1.17 1.17 
Plainsman 1.05 1.00 1.06 1.12 1.06 1.06 1.16 
Caprock 1.12 1.15 1.08 1.01 1.12 1.10 1.20 
Mean of females 
crossed to males 
1.32 1.13 1.16 1.09 1.16 1.17® 
Mean of female 
parents 
1.17 1.02 1.00 1.03 1.07 1.12^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 58. Mean weight of 100 seeds in grams of hybrids and their parents grown at Castana, Iowa 
in 1963 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 West land Redlan crossed to females male parents 
Norghum 2.68 2.87 3.04 2.80 3.13 2.90 2.44 
Texas 7078 3.01 2.66 2.77 2.56 2.90 2.78 2,31 
Texas 04 3.12 2.60 2.99 2.30 2.87 2.78 2.64 
Texas 07 2.81 2.80 2.95 2.22 2.92 2.74 2.18 
Texas 74 3.09 3.01 3.38 2.96 3.07 3.10 3.08 
Redbine 60 2.70 2.86 3.18 2.66 3.18 2.92 2.81 
Plainsman 3.04 2.92 2.78 2.28 2.67 2.74 2.35 
Caprock 3.14 2.85 3.14 2.48 3.10 2.94 2.65 
Mean of females 
crossed to males 
2.95 2.82 3.03 2.53 2.98 2.86* 
Mean of female 
parents 
2.70 2.66 3.02 2.48 3.54 2.68^ 
Mean of all hybrids, 
^Mean of all parents. 
Table 59. Mean number of seeds per head of F, hybrids and their parents grown at Castana, Iowa in 
1963 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 894 1647 1414 1371 1524 1370 946 
Texas 7078 1599 2192 1688 1901 2222 1920 1893 
Texas 04 1418 1906 1792 1920 2032 1814 1769 
Texas 07 1692 1878 1718 2016 2032 1867 2104 
Texas 74 1120 2070 1583 1631 1202 1521 1430 
Redbine 60 1612 1551 1628 1876 1590 1651 1600 
Plainsman 1434 1566 1816 1720 1878 1683 2140 
Caprock 1063 1901 1750 1820 2024 1712 2045 
Mean of females 
crossed to males 
1354 1839 1674 1782 1813 1692^ 
Mean of female 
parents 
786 1760 1436 1632 1200 1596 
^Mean of all F^ hybrids. 
^Mean of all parents. 
Table 60. Mean grain yield in grams of hybrids and their parents grown at Sutherland, Iowa in 1963 
Females Mean of ma les Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 2812 3032 3184 2994 2683 2941 2178 
Texas 7078 3128 3044 3482 3062 3218 3187 2610 
Texas 04 3114 2846 3416 2953 2980 3062 2771 
Texas 07 2678 2790 3148 2819 2971 2881 2756 
Texas 74 1953 3284 3257 3130 2798 3084 2760 
Redbine 60 2916 3032 2948 3055 2876 2966 2787 
Plainsman 3132 3114 3164 2586 3004 3008 2882 
Caprock 2900 2733 2828 3270 2458 2838 3309 
Mean of females 
crossed to males 
2954 2984 3178 2983 2879 2996® 
Mean of female parents 
2036 2758 2808 2654 1753 2620^ 
^Mean of all F^ hybrids. 
^Mean of all parents. 
Table 61. Mean number of heads per plant of F, hybrids and their parents grown at Sutherland, Iowa 
in 1963 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1.58 1.26 1.19 1.22 1.23 1.30 1.26 
Texas 7078 1.08 1.04 1.02 1.08 1.06 1.06 1.12 
Texas 04 1.02 1.03 1.02 1.02 1.03 1.02 1.04 
Texas 07 1.08 1.02 1.04 1.02 1.00 1.03 1.06 
Texas 74 1.28 1.01 1.00 1.04 1.02 1.07 1.14 
Redbine 60 1.19 1.04 1.03 1.02 1.04 1.06 1.13 
Plainsman 1.13 1.06 1.01 1.02 1.04 1.05 1.06 
Caprock 1.19 1.06 1.06 1.06 1.02 1.08 1.14 
Mean of females 
crossed to males 
1.19 1.06 1.04 1.06 1.06 1.08^ 
Mean of female 
parents 
1.04 1.01 1.01 1.06 1.04 1.08^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 62. Mean weight of 100 seeds in grams of hybrids and their parents grown at Sutherland, Iowa 
in 1963 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 West land RedIan crossed to females male parents 
Norghum 2.66 2.72 3.12 2.82 2.78 2.82 2.28 
Texas 7078 2.76 2.29 2.56 2.39 2.44 2.49 2.56 
Texas 04 2.74 2.28 2.44 2.36 2.52 2.47 2,34 
Texas 07 2.74 2.24 2.70 2.18 2.08 2.39 2.20 
Texas 74 3.05 2.82 3.07 2.72 2.44 2.82 2.94 
Redbine 60 2.95 2.58 2.82 2.54 2.16 2.61 2.80 
Plainsman 2.67 2.11 2.50 1.90 2.28 2.29 2.04 
Caprock 2.92 2.17 2.40 2.30 1.80 2.32 2.44 
Mean of females 
crossed to males 
2.81 2.40 2.70 2.40 2.31 2.53^ 
Mean of female 
parents 
2.62 2.39 2.56 2.36 2.20 2.44^ 
^Mean of all hybrids. 
^Mean of all parents. 
Table 63. Mean number of seeds per head of hybrids and their parents grown at Sutherland, Iowa 
in 1963 
Females Mean of ma les Mean of 
lia le s Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1182 1585 1424 1372 1400 1393 1222 
Texas 7078 1906 2186 1954 2032 2242 2064 1639 
Texas 04 1842 1523 2350 2092 1954 1952 2026 
Texas 07 1463 1934 1994 2008 2502 1980 2177 
Texas 74 1308 1771 1864 1830 1936 1742 1538 
Redbine 60 1596 1944 1822 2072 2298 1946 1666 
Plainsman 1790 1826 2094 2526 2211 2089 2396 
Cajjrock 1462 1957 1942 2508 2464 2067 2248 
Mean of females 
crossed to males 
1569 1841 1930 2055 2126 1904^ 
Mean of female 
pa rents 
1347 1832 1964 1867 1372 1792^ 
^Mean of all hybrids. 
^Mean of all parents. 
Table 64. Mean grain yield in grams of hybrids and their parents grown at Ames, Iowa in 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1751 2411 2143 2166 3434 2381 2098 
Texas 7078 2370 2989 3478 2574 3286 2940 2676 
Texas 04 3116 2858 2953 2445 1780 2630 2175 
Texas 07 2435 2429 2730 2547 1939 2416 2454 
Texas 74 2152 2814 2581 2198 2612 2472 2345 
Redbine 60 2484 2688 3341 2586 2576 2735 2390 
Plainaraan 2492 2994 2828 2388 2912 2723 2630 
Caprock 2780 2588 2694 2635 2370 2614 2025 
Mewn of females 
crossed to males 
2448 2721 2843 2442 2614 2614® 
Mean of female 
parents 
1528 2722 2601 2390 2243 2329^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 65. Mean number of heads per plant of hybrids and their parents grown at Ames, Iowa in 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 1.32 1.14 1.16 1.22 1.10 1.19 1,58 
Texas 7078 1.14 1.02 1.14 1.05 1.04 1,08 1.10 
Texas 04 1.14 1.06 1.05 1.02 1.04 1.06 1.18 
Texas 07 1.08 1.05 1.08 1.10 1.02 1.07 1.08 
Texas 74 1.02 1.04 1.08 1.08 1.01 1,04 1.03 
Redbine 60 1.18 1.08 1.08 1.03 1.08 1,09 1.16 
Plainsman 1.12 1.02 1.07 1.10 1.08 1,08 1.09 
Caprock 1.10 1.04 1.06 1.01 1.02 1.05 1.06 
Mean of females 
crossed to males 
1.14 1.06 1.09 1.08 1.05 1,08^ 
Mean of female 
parents 
1,22 1.07 1.00 1.12 1.14 1.13^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 66. Mean weight of 100 
1964 
seeds in grams of F^ hybrids and their parents grown at Ames, Iowa in 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 2.68 2.83 2.84 2.75 3.10 2.84 2.51 
Texas 7078 3.05 2.54 2.90 2.34 2.92 2.75 2.44 
Texas 04 3.02 2.93 2.80 2.83 3.09 2.94 2.65 
Texas 07 2.84 2.78 2.88 2.68 3.10 2.86 2.52 
Texas 74 3.10 3.02 3.32 3.20 3.08 3.14 2.92 
Redbine 60 3.06 2.80 3.14 2.92 3.17 3.02 2.98 
Plainsman 2.90 2.72 2.91 2.34 2.74 2.72 2.36 
Caprock 3.11 2.80 3.14 2.82 2.90 2.95 2.62 
Mean of females 
crossed to males 
2.97 2.80 2.99 2.74 3.01 2.90* 
Mean of female parents 
2.70 2.75 3.00 2.74 3.48 2.74^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 67, Mean number of seeds per head of hybrids and their parents grown at Ames, Iowa in 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 798 1292 1080 1134 1680 1197 1046 
Texas 7078 1293 1917 1647 1694 2012 1713 1512 
T exa s 04 1606 1736 1854 1518 980 1539 1474 
Texas 07 1359 1465 1448 1504 1086 1372 1494 
Texas 74 1092 1521 1177 1116 1356 1252 1414 
Redbine 60 1114 1503 1714 1522 1405 1452 1268 
PlfJinsman 1294 2058 1692 1805 1797 1729 1926 
Caprock 1262 1696 1452 1550 1435 1479 1424 
Mean of females 
crossed to males 
1227 1648 1508 1480 1469 1467^ 
Mewn of female 
parents 
860 1456 1668 1430 1066 1388 
^Mean of all F^ hybrids. 
Mean of all parents. 
Table 68. Mean grain yield in grams of hybrids and their parents grown at Castana, Iowa in 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1900 2836 3118 2762 3468 2817 2057 
Texas 7078 3144 3178 3574 2880 3790 3313 2914 
Texas 04 3100 3352 3302 3327 3039 3224 3042 
Texas 07 3400 2974 3380 3062 3731 3309 2992 
Texas 74 2916 3348 3070 2906 3334 3115 3222 
Redbine 60 2628 2958 3225 3218 3509 3108 3071 
Pla insman 3073 3139 3157 2756 3459 3117 2939 
Caprock 3254 3531 3391 3268 3207 3330 3066 
Mean of females 
crossed to males 
2927 3164 3277 3022 3442 3167* 
Mean of female 
parents 
1554 2776 2760 2676 3050 2778 
^Mean of all hybrids. 
^Mean of all parents. 
Table 69. Mean number of heads per plant of hybrids and their parents grown at Castana, Iowa in 
1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 West land Redlan crossed to fema3.es male parents 
Norghum 1.23 1.14 1.20 1.17 1.27 1.20 1.44 
Texas 7078 1.03 1.07 1.02 1.04 1.12 1.06 1.06 
Texas 04 1.11 1.07 1.01 1.12 1.06 1.07 1.08 
Texas 07 1.08 1.03 1.04 1.02 1.08 1.05 1.02 
Texas 74 1.07 1.14 1.06 1.03 1.06 1.07 1.10 
Redbine 60 1.17 1.05 1.12 1.10 1.06 1.10 1.10 
Plainsman 1.06 1.08 1.01 1.02 1.02 1.04 1.06 
Caprock 1.15 1.06 1.10 1.00 1.08 1.08 1.04 
Mean of females 
crossed to males 
1.11 1.08 1.07 1.06 1.09 1.08^ 
Mean of female 
parents 
1.12 1.06 1.01 1.00 1.03 1.09^ 
^Mean of all hybrids. 
^Mean of all parents. 
Table 70. Mean weight of 100 seeds in grains of F, hybrids and their parents grown at Castana, Iowa 
in 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 2.60 2.86 2.96 2.80 2.98 2.84 2.31 
Texas 7078 3.18 2.86 3.14 2.49 3.02 2.94 2.65 
Texas 04 3.10 2.90 2.98 3.00 3.00 3.00 2.83 
Texas 07 2.91 2.78 2.96 2.66 3.08 2.88 2.69 
Texas 74 3.22 3.15 3.42 3.09 3.62 3.30 3.16 
Redbine 60 3.12 3.03 3.18 2.88 3.34 3.11 3.06 
Plainsman 2.90 2.47 2.82 2.34 2.84 2.67 2.40 
Caprock 3.23 3.04 3.09 3.02 2.96 3.07 2.77 
Mean of females 
crossed to males 
3.03 2.88 3.07 2.78 3.10 2.97* 
Mean of female 
parents 2.59 2.88 2.98 2.63 2.94 2.76^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 71. Mean number of seeds per head of F. hybrids and their parents grown at Castana, Iowa in 
1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1228 1694 1739 1686 1780 1626 1250 
Texas 7078 1953 2359 2262 2226 2384 2237 2055 
Texas 04 1908 2142 2132 1962 1620 1973 1944 
Texas 07 2055 2035 2 052 2499 2202 2169 2058 
Texas 74 1552 1815 1538 1900 1742 1709 1921 
Redbine 60 1475 1840 1828 2012 1882 1808 1651 
Plainsman 1792 2128 2288 2088 2324 2124 2256 
Caprock 1858 2218 2030 2012 2194 2063 1795 
Mean of females 
crossed to males 
1728 2029 1996 2048 2016 1963^ 
Mean of female 
parents 
986 1928 1854 1850 2120 1821 
^Mean of all Fj^ hybrids. 
^Mean of all parents. 
Table 72. Mean grain yield in grams of hybrids and their parents grown at Sutherland, Iowa in 
1964 
Females Mean of ma les Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 2733 3250 3282 3050 3962 3256 2442 
Texas 7078 3579 3338 2914 2932 4128 3378 2858 
Texas 04 3610 3384 3754 2937 3935 3524 3232 
Texas 07 3112 2926 3928 2692 3649 3261 2853 
Texas 74 2872 3744 3200 3058 3382 3251 2885 
Redbine 60 3397 3254 3610 3250 3592 3421 3556 
Plainsman 3406 3041 3252 2660 3508 3174 2652 
Caprock 3615 3570 3762 2948 3400 3459 3096 
Mean of females 
crossed to males 
3291 3314 3463 2941 3695 3340^ 
Mean of female 
parents 
2141 2900 3209 2703 3228 2904^ 
^Mean of all F^ hybrids. 
^Mean of all parents. 
Table 73. Mean number of heads per plant of F, hybrids and their parents grown at Sutherland, Iowa 
in 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1.57 1.74 1.52 1.54 1.71 1.62 1.83 
Texas 7078 1.75 1.19 1.59 1.35 1.32 1.44 1.30 
Texas 04 1.56 1.50 1.31 1.32 1.44 1.43 1.49 
Texas 07 1.35 1.22 1.26 1.16 1.29 1.26 1.29 
Texas 74 1.34 1.62 1.10 1.38 1.12 1.31 1.38 
Redbine 60 1.68 1.35 1.38 1.37 1.35 1.43 1.47 
Plainsman 1.27 1.37 1.36 1.49 1.63 1.42 1.36 
Caprock 1.34 1.24 1.37 1.23 1.48 1.33 1.46 
Mean of females 
crossed to males 
1.48 1.40 1.36 1.36 1.42 1.40f 
Mean of female 
parents 
1.63 1.28 1.48 1.28 1.21 1.42^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 74. Mean weight of 100 seeds in grams of F, hybrids and their parents grown at Sutherland, 
Iowa in 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Red Ian crossed to females male parents 
Norghum 2.50 2.84 2.88 2.72 3.05 2.80 2.20 
Texas 7078 2.98 2.54 2.78 2.34 2.84 2.70 2.46 
Texas 04 2.80 2.56 2.79 2.38 3,06 2.72 2.70 
Texas 07 2.70 2.62 2.92 2.37 2.88 2.70 2.56 
Texas 74 3.02 2.91 3.12 2.98 3.28 3.06 2.91 
Redbine 60 3.10 2.86 3.00 2.74 3.08 3.00 3.07 
Plainsman 2.76 2.25 2.54 2.12 2.52 2.44 2.28 
Caprock 3.00 2.70 2.97 2.48 2.65 2.76 2.68 
Mean of females 
crossed to males 
2.86 2.66 2.87 2.52 2.92 
C
M
 
Mean of female 
parents 
2.64 2.58 2.80 2.43 3.02 2.64^ 
^Mean of all hybrids. 
Mean of all parents. 
Table 75. Mean number of seeds per head of F. hybrids and their parents grown at Sutherland, Iowa 
in 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 1238 1406 1586 1614 1650 1499 1158 
Texas 7078 1586 2202 1380 1772 2152 1818 1481 
Texas 04 1714 1900 1882 1861 1877 1847 1719 
Texas 07 1812 2000 2107 2026 2022 1993 1725 
Texas 74 1418 1884 1728 1494 1946 1694 1682 
Redbine 60 1397 1934 1808 1931 1948 1804 1894 
Pla insman 1693 2020 2020 1828 1886 1890 1766 
Caprock 1996 2083 1890 2198 1929 2019 1762 
Mean of females 
crossed to males 
1607 1929 1800 1841 1926 1820f 
Mean of female 
parents 
1008 1642 1610 1716 1845 1616^ 
^Mean of all F^ hybrids. 
^Mean of all parents. 
0 
Table 76. Mean grain yield in grains of F g progeny and their parents grown at Ames, Iowa in 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1876 2490 2225 2189 2681 2292 1984 
Texas 7078 2431 2962 2966 2519 2712 2718 2665 
Texas 04 2377 2698 2776 2547 2710 2622 2662 
Texas 07 2291 2735 2896 2581 2858 2672 2792 
Texas 74 1667 2848 2851 2324 2948 2528 2436 
Redbine 60 2202 2708 2840 2434 3048 2646 2590 
Plainsman 2787 3042 3082 2492 2683 2817 2754 
Caprock 2454 2812 2862 2783 2824 2747 2974 
Menn of females 
crossed to males 
2261 2787 2812 2484 2808 2630^ 
Mean of female 
parents 
1622 3057 2842 2482 2474 2564^ 
^Mean of all progeny. 
^Mean of all parents. 
Table 77. Mean number of heads per plant of F„ progeny and their parents grown at Ames, Iowa in 
1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1.26 1.13 1.00 1.08 1.20 1.16 1.28 
Texas 7078 1.10 1.09 1.02 1.02 1.02 1.05 1.04 
Texas 04 1.07 1.02 1.01 1.02 1.02 1.03 1.02 
Texas 07 1.20 1.08 1.05 
o
 
o
 1.02 1.07 1.03 
Texas 74 1.08 1.03 1.01 1.05 1.02 1.04 1.06 
Reclbine 60 1.22 1.00 1.02 1.08 1.04 1.08 1.10 
Plîiinsman 1.16 1.03 1.04 1.01 1.02 1.05 1.06 
Caprock 1.14 1.08 1.06 1.02 1.01 1.06 1.06 
Mean of females 
crossed to males 
1.15 1.06 1.04 1.04 1.05 1.07® 
Mean of female 
parents 
1.07 1.05 1.01 1.07 1.03 1.07^ 
^Mean of all progeny. 
Mean of all parents. 
Table 78. Mean weight of 100 seeds in grams of F„ progeny and their parents grown at Ames, Iowa in 
1964 
Females Mean of ma les Mean of 
Ma les Reliance Martin Kafir 60 Westland RedIan crossed to females male parents 
Norghum 2.62 2.84 2,92 2.70 3.00 2.82 2.40 
Texas 7078 3.08 2.78 2.87 2.65 2.76 2.83 2.44 
Texas 04 2.82 2.78 2.88 2.72 2.77 2.79 2.58 
Texas 07 3.04 2.74 2.92 2.66 2.76 2.82 2.50 
Texas 74 3.02 2.81 3.18 2.85 3.17 3.00 2.95 
Redbine 60 3.07 2.80 2.90 2.66 2.86 2.86 3.14 
Plainsman 2.92 2.46 2.88 2.48 2.56 2.66 2.34 
Caprock 3.04 2.76 2.36 2.66 2.87 2.74 2.74 
Mean of females 
crossed to males 
2.95 2.75 2.86 2.67 2.84 2.82* 
Mean of female 
parents 
2.58 2.64 2.90 2.68 3.30 2.71^ 
^Mean of all progeny. 
^Mean of all parents. 
Table 79. Mean number of seeds per head of progeny and their parents grown at Ames, Iowa in 1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 West land Redlan crossed to females male parents 
Norghum 894 1230 1173 1264 1251 1163 1094 
Texas 7078 1107 1642 1714 1627 1732 1564 1858 
Texas 04 1344 1564 1610 1472 1642 1526 1820 
Texas 07 999 1721 1606 1635 1559 1504 1894 
Texas 74 802 1561 1569 1368 1539 1368 1530 
Redbine 60 973 1496 1634 1518 1644 1453 1376 
Plainsman 1354 1768 1650 1796 1715 1657 1828 
Caprock 1278 1676 1744 1554 1707 1592 1650 
Mean of females 
crossed to males 
1094 1582 1587 1529 1599 1478^ 
Mean of female 
parents 
1004 1874 1575 1482 1280 1559^ 
^Mean of all progeny. 
^Mean of all parents. 
Table 80. Mean grain yield in grams of progeny and their parents grown at Castana, Iowa in 1964 
Females Mean of males Mean of 
Male Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1900 2837 2930 2633 3018 2664 2250 
Texas 7078 2656 3025 3040 2830 3200 2950 2991 
T exa s 04 2670 3228 2987 2950 2946 2956 2937 
Texas 07 2223 3397 3032 2996 2974 2924 2848 
Texas 74 2146 2984 2608 2686 3090 2703 2710 
Redbine 60 2572 3025 3064 2916 3168 2949 3128 
Plainsraan 2980 2869 2906 2693 3084 2906 3088 
Caprock 2794 3204 2958 3152 3172 3056 3302 
Mean of females 
crossed to males 
2492 3071 2940 2857 3082 2889* 
Mean of female 
parents 
1624 2898 3207 2542 3332 2835 
^Mean of all F^ progeny. 
^Mean of all parents. 
Table 81. Mean number of heads per plant of F„ progeny and their parents grown at Castana, Iowa in 
1964 
Females Mean of males Mean of 
Ma les Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1.62 1.33 1.33 1.40 1.56 1.45 1.71 
Texas 7078 1.30 1.10 1.10 1.10 1.12 1.14 1.13 
Texas 04 1.25 1.16 1.08 1.22 1.15 1.17 1.14 
Texas 07 1.07 1.12 1.16 1.17 1.06 1.12 1.11 
Texas 74 1.26 1.11 1.14 1.10 1.20 1.16 1.03 
Redbine 60 1.53 1.15 1.20 1.18 1.14 1.24 1.20 
Plainsman 1.31 1.24 1.12 1.04 1.12 1.16 1.16 
Caprock 1.30 1.12 1.04 1.14 1.10 1.14 1.10 
Mean of females 
crossed to males 
1.33 1.17 1.14 1.17 1.18 1.20* 
Mean of female 
parents 
1.10 1.10 1.20 1.12 1.12 1.17" 
^Mean of all progeny. 
^Mean of all parents. 
Table 82. Mean weight of 100 seeds in grams of F„ progeny and their parents grown at Castana, Iowa 
in 1964 
Females Mean of ma les Mean of 
Ma les Reliance Martin Kafir 60 West land Redlan crossed to females male parents 
Norghum 2.56 2.87 3.02 2.72 2.89 2.81 2.36 
Texas 7078 3.12 2.93 3.06 2.81 3.00 2.98 2.71 
Texas 04 2.98 2.84 3.02 3.00 2.94 2.95 2.80 
Texas 07 2.98 3.02 3.16 2.80 2.92 2.97 2.86 
Texas 74 3.00 3.12 3.05 3.09 3.04 3,06 3.12 
Redbine 60 3.24 2.99 3.16 2.82 2.98 3.04 3.65 
Plainsman 3.06 2.86 2.84 2.58 2.73 2.82 2.32 
Caprock 3.09 2.84 3.06 2.81 2.88 2.94 2.90 
Mean of females 
crossed to males 
3.00 2.93 3.04 2.83 2.92 2.95^ 
Mean of female 
parents 
2.65 2,80 2.88 2.74 3.37 2.86^ 
^Mean of all progeny. 
^Mean of all parents. 
Table 83. Mean number of seeds per head of F„ progeny and their parents grown at Castana, Iowa in 
1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1059 1466 1530 1440 1504 1400 1193 
Texas 7078 1313 1984 1816 1915 2147 1835 2042 
T exa s 04 1433 1966 1782 1688 2028 1779 1804 
Texas 07 1586 1903 1833 1988 2170 1896 2196 
Texas 74 1339 1910 1696 1592 1632 1634 1773 
Redbine 60 1180 1997 1965 1864 2048 1811 1707 
Plainsman 1584 1873 2090 2000 2108 1933 2230 
Caprock 15 78 2178 1953 2098 2248 2012 2326 
Mean of females 
crossed to males 
1385 1909 1833 1823 1985 1787^ 
Mean of female 952 2021 1884 1720 1982 1833^ 
parents 
^Mean of all progeny. 
^Mean of all parents. 
Table 84. Mean grain yield in grams of progeny and their parents grown at Sutherland, Iowa in 
1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
No rghum 2232 2816 2702 2583 2858 2638 2332 
Texas 7078 2658 3121 2924 2504 2628 2767 2717 
Texas 04 2751 2180 2751 2554 2628 2773 2953 
Texas 07 2461 3039 3143 2806 3504 2990 2719 
Texas 74 2668 3246 2867 2546 3232 2912 2890 
Redbine 60 2798 3320 3254 2706 3207 3057 2906 
Plainsman 3257 2395 2878 2672 2758 2792 2889 
Caprock 3007 3307 3320 2778 3005 3084 2698 
Mewn of females 
crossed to males 
2728 3053 2980 2644 2978 2877* 
Mean of female 
parents 
2110 3245 3692 2630 3597 2875^ 
^Mean of all F^ progeny. 
^Mean of all parents. 
Table 85. Mean number of heads per plant of F„ progeny and their parents grown at Sutherland, Iowa 
in 1964 
Females [ Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1.61 1.40 1.26 1.58 1.36 1.44 1.94 
Texas 7078 1.46 1.26 1.22 1.48 1.30 1.34 1.27 
Texas 04 1.42 1.18 1.16 1.22 1.24 1.25 1.40 
Texas 07 1.36 1.22 1.22 1.30 1.08 1.23 1.41 
Texas 74 1.35 1.24 1.48 1.15 1.20 1.28 1.32 
Redbine 60 1.67 1.31 1.51 1.26 1.09 1.37 1.20 
P Ininsman 1.50 1.18 1.27 1.36 1.21 1.30 1.34 
Caprock 1.44 1.34 1.44 1.23 1.38 1.37 1.12 
Mean of females 
crossed to males 
1.48 1.26 1.32 1.32 1.23 1.32^ 
Mecin of female 
parents 
1.84 1.47 1.40 1.24 1.38 1.41^ 
^Mean of all F^ progeny. 
^Mean of all parents. 
Table 86. Mean weight of 100 seeds in grams of progeny and their parents grown at Sutherland, 
Iowa in 1964 
Ma les Reliance Martin 
Females 
Kafir 60 Westland RedIan 
Kean of males 
crossed to females 
Mean of 
male parents 
Norghum 2.40 2.75 2.75 2.63 2.83 2.67 2.32 
Texas 7078 2.91 2.68 2.92 2.60 2.60 2.74 2.51 
T exa s 04 2.97 2.54 2.84 2.60 2.71 2.73 2.66 
Texas 07 2.72 2.64 2.76 2.40 2.90 2.68 2.49 
Texas 74 3.03 2.88 3.04 2.81 2.92 2.94 2.98 
Redbine 60 2.99 2.82 3.06 2.52 2.82 2.84 2.98 
Plainsman 2.84 2.46 2.89 2.38 2.50 2.61 2.22 
Caprock 2.90 2.72 2.80 2.59 2.43 2.69 2.66 
Mean of females 2.84 2.69 2.88 2.56 2.71 2.74* 
crossed to males 
Mean of female 2.62 2.44 2.90 2.57 3.15 2.65^ 
parents 
^Mean of all progeny. 
Mean of all parents. 
Table 87. Mean number of seeds per head of F_ progeny and their parents grown at Sutherland, Iowa 
in 1964 
Females Mean of males Mean of 
Males Reliance Martin Kafir 60 Westland Redlan crossed to females male parents 
Norghum 1086 1240 1276 1324 1426 1271 1078 
Texas 7078 1229 1638 1524 1398 1670 1492 1466 
Texas 04 1231 1880 1572 1404 1481 1514 1639 
Texas 07 1225 1772 1769 1654 1966 1677 1889 
Texas 74 1270 1790 1506 1411 1630 1522 1529 
Redbine 60 1338 1592 1660 1547 2032 1634 1581 
Plainsman 1582 1426 1463 1588 1752 1562 1855 
Caprock 1424 1696 1768 1684 1838 1682 1758 
Mean of females 
crossed to males 
1298 1629 1567 1501 1724 1544^ 
Mean of female 
parents 
904 1839 1807 1502 1826 1590^ 
^Mean of all progeny. 
^Mean of all parents. 
